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ศࡓࡗࡲỴ࡛ෆᐑᏊࡢぶẕࠊࡀ⬊⣽ࡢࡘ୍ࡓࡗࡓ࠺࠸࡜༸⢭ཷࡣయ㌟ࡢ㛫ே
ࡅ࠿ࢆ᭶ᖺ࠺࠸࡜ᖺ02 ⣙ࡣᚋࡓࢀࡲ⏕ࠋࡿࡀୖ᮶ฟ࡛࡜ࡇࡍ㏉ࡾ⧞ࢆ໬ศ࡜⿣
 ࠋ)1 ࡿࡍ㛗ᡂ࡟ேᡂࡿ࡞ࡽ࠿⬊⣽ࡢಶ඙001㹼඙06 ⣙ࠊࡋ㛗ᡂ࡚
⣙࡜࠺⾜ࢆ㦂ᐇ㣴ᇵࡿࢀࢃ⾜࡛እయࠊࡃ࡞ࡣ࡛ࡅࢃࡿࡁ࡛Ṫቑ࡟㐲Ọࡣ⬊⣽
࠸࡛ࢇṚࡽ⮬࡚ࡋࡇ㉳ࢆࢫࢩ࣮ࢺ࣏࢔ࠊࡾ࡞࡜⏺㝈⿣ศ࡛ࢁࡇ࡜ࡓࡋ⿣ศᅇ 05
ࡸᡃ᛹ࠊࡓࡲࠋ࠺࠸࡜Ṛ⬊⣽࣒ࣛࢢࣟࣉࢆ࡜ࡇࡢṚ࡞࠺ࡼࡢ࣒ࣛࢢࣟࣉࡢࡇࠊࡃ
ࣟࢡࢿࢆ࡜ࡇࡃ࠸࡛ࢇṚࠊࡋࡇ㉳ࢆ⑕⅖ࡀ⬊⣽ࠊࡽ࠿࡝࡞ᰁឤࡢ࡬యཎ⑓ࠊയⅆ
㑇໬⪁ࡿࡏࡉ໬⪁ࢆ⬊⣽࡛ࢢ࣑ࣥ࢖ࢱࡿ࠶ࡣṚ⬊⣽࣒ࣛࢢࣟࣉࠋ࠺࠸࡜ࢫࢩ࣮
ࡿ࠸࡛࠸㜵ࢆ໬ࢇࡀࡢ⬊⣽ࠊࡾࡼ࡟࡜ࡇࡿࡏࢃ࠿ྥ࡟Ṛࡏࡉ໬⪁ࢆ⬊⣽ࡀᏊఏ
 ࠋ)1 ࡿ࠸࡚ࢀࡽ࠼⪃࡜
࡟ⓗᚊ⮬ࠊࡋᦆḞࡀ⬟ᶵࡿࡍᚚไࢆṪቑࠊ࠼ኚࢆ㉁ᛶࡀ⬊⣽࡞ᖖṇࠎඖࡣ⒆⭘
ቑࠊࡀࡿࡁ࡛Ṫቑ࡟ⓗᚊ⮬ࡣ⬊⣽⒆⭘ࠋࡿ࠶࡛࡜ࡇࡢᅋ㞟ࡓࡗ࡞࡟࠺ࡼࡿࡍṪቑ
࠸ዣࢆ࡝࡞⣲㣴ᰤࡽ࠿⬊⣽ᖖṇࠊࡋᏑ౫࡟୺ᐟࡣ࡝࡞⣲㣴ᰤࡸ⣲㓟࡞せᚲ࡟Ṫ
࡜ࡓࡋ໬ᝏࡀែ≧㣴ᰤࡢ୺ᐟࠊ࡟ࡽࡉࠋࡃ࠸࡚ࡏࡉ໬ᝏࢆᗣ೺ࡢ୺ᐟࠊࡵࡓࡿྲྀ
 ࠋ࠺ࡲࡋ࡚ࡋ⬣ࢆ࿨ࡢேࡿ࠶࡛୺ᐟ࡟ⓗ⤊᭱ࠊࡅ⥆ࡋࢆṪቑࡶ࡚ࡋ
ṇࡣ⒆⭘ᛶⰋࠋࡿࢀࡽࡅศ࡟⒆⭘ᛶᝏ࡜⒆⭘ᛶⰋࡾࡼ࡟ᚩ≉ࡢୖᗋ⮫ࡣ⒆⭘
ࢀࢃ⾜ࡾࡃࡗࡺⓗ㍑ẚࡣṪቑࠋ࠸ࡋஈࡀᛶᆺ␗ࡢ⬊⣽ࠊࡕᣢࢆ㉁ᛶ࠸㏆࡜⧊⤌ᖖ
⫱Ⓨᛶᙇ⭾ࡿࢀ࠿ศ࡟░᫂ࡀ⏺ቃࡢ࡜⧊⤌ࡿࡍ᥋㞄࡜⒆⭘ࠊࡾ࡞ࡃࡁ኱࡛ᡤᒁ
ࠋࡿ࠶࡛⬟ྍࡀ⒵἞ࡤࢀࡍ㝖ษࢆ⒆⭘ᛶⰋࠊࡵࡓ࠸࡞ࢃ⾜ࢆ₶ᾐࡸ⛣㌿ࠋ࠺⾜ࢆ
ࡍ₶ᾐ࡬ᅖ࿘ࡽࡀ࡞ࡋቯ◚ࢆ⧊⤌ࡿ࠸࡚ࡋ᥋㞄ࠊࡃᙉࡀᛶᆺ␗ࡣ⒆⭘ᛶᝏࠊ᪉୍
㝖ษࢆᕢⓎཎࠊࡵࡓ࠺ࡲࡋ࡚ࡋ⛣㌿࡬ჾ⮚ࡢ㝸㐲ࡣ࡟ࡽࡉࠋ࠺⾜ࢆ⫱Ⓨᛶ₶ᾐࡿ
ࢇࡀࡀ⒆⭘ᛶᝏࡢࡇࠊࡃከࡀ࡜ࡇࡿ࡞࡜ᅉཎࡢஸṚࠊࡃ㧗ࡀᛶ⬟ྍࡢⓎ෌ࡶ࡚ࡋ
 ࠋ)2 ࡿ࠶࡛ࡢࡶࡿࢀࡤ࿧࡜
ࡀ⭠኱ࡸ࣐࣮ࣀ࣓ࣛࠋࡿ࠶࡟ྥഴࡍቑࡀᗘᛶᝏࡾࡼ࡟㐣⤒㛫᫬ࡣ⒆⭘ࡢࡃከ
ࡍ⾜㐍࡜࡬⒆⭘ᛶᝏࠊ࡚⤒ࢆែ≧ࢇࡀ๓ࡢᛶ₶ᾐ㠀ࡽ࠿ኚ⑓ࡢᛶ୧ࡣ࡛࡝࡞ࢇ
ࡓࡋ࡜ࡾࡁࡗࡣ࡟࠺ࡼࡢࡇࡣ࡟୰ࡢ⒆⭘ࠊࡋ࠿ࡋࠋࡿ࠸࡚ࡗ࡞࡜࠿ࡽ᫂ࡀ࡜ࡇࡿ
᫬࠸పࡢᗘᛶᝏࡢ๓ࡿࢀࡉぢⓎࡀࢇࡀࠊࡣ࡟ࢀࡇࠋࡿࡍᅾᏑࡶࡢࡶ࠸࡞ࡋࢆ⾜㐍
ࡿࡌ⏕ࡎࡏ௓ࢆែ≧࠸పࡢᗘᛶᝏࡀ⒆⭘࠸㧗ࡢᗘᛶᝏࠊࡸ࡜ࡇࡿ࠸࡚ࡂ㐣ࢆᮇ
ࢆᕢṪቑ࡞ࡓ᪂࡛ᡤሙࡓࢀ㞳ࡋᕸᩓࢆ⬊⣽ࢇࡀࡣ㉁ᛶᛶᝏࡢࢇࡀࠋࡿ࠶࡛ྜሙ
ෆ⭍యࡸ⧊⤌ࡢࠎ✀ࠊࡋື⛣࡚ࡗἢࢆ㠃⾲⧊⤌ࡣ⬊⣽ࢇࡀࠋࡿ࠶࡛࡜ࡇࡿࡍᡂᙧ
ࢀࢃ⾜࡚ࡋ௓ࢆ⟶⾑࡜⟶ࣃࣥࣜࠊࡾ࠶ࡘ 2 ࡣ㊰⤒࡞୺ࡢ⛣㌿ࠋࡃ࠸࡚ࡗࡀᗈ࡬
ࡋ௓ࢆ⟶⾑ࡧࡼ࠾⛣㌿⠇ࣃࣥࣜࡿ㏻ࢆࣃࣥࣜࠊ࡟㝿ࡿࡍᐃỴࢆẼ⑓࡞ⓗᗋ⮫ࠋࡿ
⛣㌿ࡢࢇࡀࠊ࡟ࡽࡉࠋࡿࢀࡽࡅศ࡟ࡘ 2 ࡢ⛣㌿ᛶ⾜⾑ࡿࡍ⛣㌿ࡢ࡬ჾ⮚㝸㐲࡚
 ࡚ࢀࡉㄆ☜࡟ⓗᗋ⮫ࡀ࡜ࡇࡿ࠶ࡀྥഴࡿࡍ⛣㌿࡟ჾ⮚ࡢᐃ≉ࡀࢇࡀࡢᐃ≉ࡣ࡟

 
Table1 ࡀࢇࡢ୺࡞㌿⛣ඛ 
ཎⓎ⭘⒆ ዲⓎ㌿⛣㒊఩ 
⭈⣽⬊ࡀࢇ 
ᾘ໬ჾࡀࢇ 
⫵ࡀࢇ 
ஙࡀࢇ 
⮅⮚ࡀࢇ 
⫵ࠊ㦵ࠊ๪⭈ 
⫢⮚ 
⬻ࠊ⫢⮚ࠊ㦵㧊 
㦵ࠊ⬻ࠊ๪⭈ࠊ⫵ࠊ⫢⮚ 
⫢⮚ࠊ⭡⭷ࠊ㦵 
 
 
࠸ࡿࠋ౛࠼ࡤࠊ⭈⣽⬊ࡀࢇ࡛ࡣ⫵ࡸ㦵ࠊ๪⭈࡟ᾘ໬ჾࡀࢇ࡛ࡣ⫢⮚࡟㌿⛣ࡋࡸࡍ
࠸࡜ࡉࢀ࡚࠸ࡿ(Table 1)ࠋ 
ࡀࢇࡀ≉ᐃࡢ⮚ჾ࡬ࡢ㌿⛣ࡋࡸࡍ࠸ࡇ࡜ࢆ Paget ࡣ͆ᅵ࡜✀௬ㄝ(soil and seed 
theory)͇࡜ᥦၐࡋࡓࠋ⭘⒆ࡸᐟ୺⮚ჾࡢ⤌ࡳྜࢃࡏ࡟ࡼࡾࠊࡑࢀࡒࢀࡢ┦஫స⏝
ࡀ␗࡞ࡾࠊ㌿⛣ࢆ㉳ࡇࡋࡸࡍࡉࡀኚࢃࡿ࡜࠸࠺ࡶࡢ࡛࠶ࡿࠋࡇࢀ௨እ࡟ࡶ⾑⾜ᛶ
㌿⛣ࡀ࠶ࡿࠋࡇࢀࡣ᭱ึ࡟㌿⛣ࡀ㉳ࡇࡿ⮚ჾ࠿ࡽ㐟㞳ࡋࡓࡀࢇ⣽⬊ࡀ⾑⟶࡟஌
ࡾ᭱ࠊ ึ࡟฿㐩ࡍࡿẟ⣽⟶ᗋࡢ⮚ჾ࡛ከ࠸ഴྥ࡟࠶ࡿࠋ኱ᚠ⎔⣔ࡢ㟼⬦ࢆ㏻ࡿ⮚
ჾࡢࡀࢇࡣ⫵࡟㉳ࡇࡾࡸࡍࡃࠊ㛛⬦⣔ࡢ㟼⬦ࢆ㏻ࡿ⮚ჾࡢࡀࢇ࡛ࡣ⫢⮚࡟㉳ࡇ
ࡾࡸࡍ࠸ࠋࡇࡢ㛛⬦ࢆ⤒⏤ࡍࡿࡢࡣᾘ໬ჾࡀࢇࡀከ࠸㸱)ࠋ 
ୖᒸࡽࡀ㛤Ⓨࡋࡓࣁ࢖ࣈࣜࢵࢻ࣏ࣜࢯ࣮࣒(HL㸸Hybrid Liposome)4,5)ࡣࠊࣜ
ࣥ⬡㉁࡜⏺㠃άᛶ๣ࢆ⦆⾪Ỉ⁐ᾮ୰࡛㉸㡢Ἴ↷ᑕࡍࡿࡔࡅ࡛ᐜ᫆࡟ᚓࡽࢀࠊᚑ
᮶ࡢ࣏ࣜࢯ࣮࣒ㄪ〇ἲࡢࡼ࠺࡟᭷ᶵ⁐፹ࢆ⏝࠸࡞࠸ࡇ࡜࠿ࡽ᭷ᶵ⁐፹ࡢΰධࡀ
࡞ࡃࠊ⣲ᮦ࠾ࡼࡧ⤌ᡂẚࡢ㑅ᢥ࡟ࡼࡾࠊᙧែࡸࢧ࢖ࢬࠊ┦㌿⛣ ᗘࠊ␯Ỉᛶ࠾ࡼ
ࡧ⭷ὶືᛶࡢࢥࣥࢺ࣮ࣟࣝࡀྍ⬟࡞⏕య㐺ྜᛶᣦྥࡢ་⏝⣲ᮦ࡛࠶ࡿ 6-9)ࠋHL
࡟ไࡀࢇ๣ࢆྵ᭷ࡉࡏ࡚⸆≀ఏᑟࢩࢫࢸ࣒(DDS㸸Drug Delivery System)࡜ࡋ
࡚⏝࠸ࡽࢀ࡚࠸ࡿ 10-12)ࠋHL ࡢࡳ࡛ࡢࡀࢇ⣽⬊࡟ᑐࡍࡿᢠ⭘⒆ຠᯝࡀሗ࿌ࡉࢀ
࡚࠸ࡿ 13-19)ࠋHLࡣࠊࡀࢇ⣽⬊࡟≉␗ⓗ࡟⼥ྜ࣭⵳✚ࡋࠊ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡍ
ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿ 20,21)ࠋࡉࡽ࡟ HLࡢࣄࢺ๓㦵㧊ᛶⓑ⾑⑓(HL-60)⣽
⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࣓࢝ࢽࢬ࣒ࡢ඲ᐜࡀ᫂ࡽ࠿࡟࡞ࡗ࡚࠸ࡿ 22)ࠋᢸࡀ
ࢇࣔࢹࣝື≀࡟ᑐࡍࡿ HL ࡢࡳ࡟ࡼࡿ἞⒪ຠᯝ 23-25)ࡸ⫢㌿⛣ᢚไຠᯝࡀᚓࡽࢀ
࡚࠸ࡿ 26)ࠋṇᖖື≀࡟ᑐࡍࡿ㛗ᮇ㛫཯᚟ᢞ୚ẘᛶヨ㦂 27)࠾ࡼࡧయෆືែヨ㦂 28)
࡟࠾࠸࡚Ᏻ඲ᛶࡀ☜ㄆࡉࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊ⏕࿨೔⌮ጤဨ఍ᢎㄆᚋࡢ⮫ᗋヨ㦂࠿
ࡽ๪స⏝ࡀ࡞ࡃࠊᘏ࿨ຠᯝ࠾ࡼࡧ⭘⒆ࡢ⦰ᑠຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿ 29)ࠋ 
 ᮏ◊✲ࡣࠊ㔜⠜࡞๪స⏝ࡢၥ㢟࡛పୗࡍࡿᝈ⪅ࡢ Quality of Life (QOL)ࡢྥ
ୖࢆ┠ᣦࡋࠊ᪂つ἞⒪⸆ࡢ㛤Ⓨࢆ┠ⓗ࡜ࡋࡓࡶࡢ࡛࠶ࡿࠋ᪤࡟࢔࣏ࢺ࣮ࢩࢫࢆㄏ
ᑟࡋ⮫ᗋᛂ⏝ࡉࢀ࡚࠸ࡿHL࡟ࠊPEG⣔⏺㠃άᛶ๣࡟᪥ᮏ⸆ᒁ᪉࡟ᐃࡵࡽࢀ࡚ 

 
 
 
 
 
 
 
 
 
Fig. 1-1 Schematic representation of cationic liposomes. 
 
 
 
࠸ࡿ C12(EO)21ࠊࡉࡽ࡟ࠊ࢝ࢳ࢜ࣥᛶ⬡㉁࡜ࡋ࡚ 2C14EClࢆຍ࠼ࡓ࢝ࢳ࣏࢜ࣥࣜ
ࢯ࣮࣒(DMPC/C12(EO)21/2C14ECl)ࢆ◊✲⣲ᮦ࡜ࡋ࡚⏝࠸ࡓ(Fig. 1-1)ࠋ 
ࡀࢇ⣽⬊ࡣṇᖖ⣽⬊࡜␗࡞ࡿᛶ㉁ࢆᣢࡘࠋ౛࠼ࡤ✀ࠎࡢࡀࢇ⣽⬊⭷⾲㠃࡟ࡣࠊ
ṇᖖ⣽⬊࡜ẚ࡭ࠊࣇ࢛ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ(PS)ࡀ 3~7ಸከࡃᏑᅾࡍࡿ 30)ࠋࡉࡽ
࡟⭘⒆࣐࣮࣮࢝(CA19-9)࡜ࡋ࡚⏝࠸ࡽࢀࡿࡼ࠺࡟ࠊࡀࢇ⣽⬊⭷࡟ࡣࢩ࢔ࣝ㓟ࡢ
ᵓ㐀ࢆᣢࡘ⢾㙐ࡀṇᖖ⣽⬊ࡼࡾከࡃⓎ⌧ࡋ࡚࠸ࡿࠋࡑࡢࡓࡵ୍ࠊ ⯡࡟ࡀࢇ⣽⬊ࡣ
㝜ᛶ㟁Ⲵࢆᣢࡘࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋࡇࡢࡼ࠺࡞㟼㟁┦஫స⏝ࢆ฼⏝ࡋࡓᢠࡀ
ࢇ๣ࡢሗ࿌ࡣ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒௨እ࡯࡜ࢇ࡝ሗ࿌ࡉࢀ࡚࠸࡞࠸(Fig. 1-3)ࠋᯇ
ᮏࡽ࡟ࡼࡗ࡚㛤Ⓨࡉࢀࡓ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡣࠊin vitroཬࡧ in vivo࡟࠾࠸࡚
ࣄࢺ⭈⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿࠊ㧗࠸ቑṪᢚไຠᯝ࠾ࡼࡧ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡍࡿ
ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿ 31,32)ࠋࡲࡓࠊࣄࢺ኱⭠ࡀࢇ⣽⬊࡟㑅ᢥⓗ࡟⼥ྜ࣭⵳
✚ࡋࠊ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡍࡿࡇ࡜ࡶ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿ 33)ࠋin vivo࡟࠾࠸࡚
ࡣࠊᢸࡀࢇࣔࢹ࣐ࣝ࢘ࢫࢆ⏝࠸ࡓ἞⒪ᐇ㦂࠿ࡽᘏ࿨ຠᯝ 34)ࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸
ࡿࠋࡲࡓࠊṇᖖື≀࡟ᑐࡍࡿ 2 㐌㛫཯᚟ᢞ୚ẘᛶヨ㦂࠾ࡼࡧయෆືែヨ㦂࡟࠾
࠸࡚Ᏻ඲ᛶࡀ☜ㄆࡉࢀ࡚࠸ࡿ 35)ࠋCLࡣ࣐࢖ࢼࢫⲴ㟁ࡢ⬡㉁ྵ㔞ࡢከ࠸ࡀࢇ⣽⬊
⭷࡟㟼㟁ⓗ┦஫స⏝࡛⼥ྜ⵳✚ࡋࡸࡍࡃࠊࡑࡢᚋ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡍࡿ࡜⪃
࠼ࡽࢀ࡚࠸ࡿ(Fig. 1-2)ࠋ 
 ᮏ◊✲࡛ࡣࠊࣄࢺ኱⭠ࡀࢇ⣽⬊࠾ࡼࡧࣄࢺ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿ࢝ࢳ࢜ࣥࣜ
࣏ࢯ࣮࣒ࡢไࡀࢇຠᯝ࠾ࡼࡧ἞⒪ຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓࠋᮏㄽᩥࡣࠊ௨ୗࡢ 7❶
ࡼࡾᡂࡾ❧ࡗ࡚࠸ࡿࠋ➨ 2 ❶࡛ࡣࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ⭷≀ᛶ࡟ࡘ࠸࡚㏙࡭
ࡿࠋ➨ 3 ❶࡛ࡣࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ኱⭠ࡀࢇ⣽⬊࡟ᑐࡍࡿไࡀࢇຠᯝ
࡟ࡘ࠸࡚㏙࡭ࡿࠋ➨ 4 ❶࡛ࡣࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍ
ࡿไࡀࢇຠᯝ࡟ࡘ࠸࡚㏙࡭ࡿࠋ➨ 5❶࡛ࡣࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ⮅⮚ࡀ 
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Fig. 1-2 Representation for antitumor mechanism for cationic liposome (CL). 
 
ࢇ⣽⬊࡟ᑐࡍࡿ㌿⛣ᾐ₶ᢚไຠᯝ࡟ࡘ࠸࡚㏙࡭ࡿࠋ➨ 6 ❶࡛ࡣࠊࣄࢺ⮅⮚ࡀࢇ
⣽⬊⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ἞⒪ຠᯝ࡟ࡘ࠸࡚㏙࡭ࡿࠋ
➨ 7❶ࡣࠊ௨ୖࡢ◊✲ᡂᯝࡢ⥲ㄽ࡛࠶ࡿࠋ 
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➨ 2❶ ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ⭷≀ᛶ 
 
2-1 ᗎ 
 
 ⏕య⭷ࡣࣜࣥ⬡㉁ࡢ஧㔜⭷࠿ࡽฟ᮶࡚࠸ࡿࠋࡇࡢ஧㔜⭷࡟✀ࠎࡢᶵ⬟ࢆᣢࡗ
࡚࠸ࡿ⭷ࢱࣥࣃࢡࡀᏑᅾࡋ࡚࠸ࡿὶືࣔࢨ࢖ࢡࣔࢹࣝࡀᇶᮏᴫᛕ࡜ࡋ࡚ཷࡅධ
ࢀࡽࢀ࡚࠸ࡿࠋὶືࣔࢨ࢖ࢡࣔࢹࣝࡣ Singer࡜Nicolson࡟ࡼࡗ࡚ᥦၐࡉࢀࡓ 36 )ࠋ
ࡇࡢࣔࢹ࡛ࣝࡣ⬡㉁࡛ᵓᡂࡉࢀࡿ஧ᒙ⭷࡟ࢱࣥࣃࢡ㉁ࡀࡣࡵ㎸ࡲࢀ࡚࠸ࡿ࡜௬
ᐃࡋࠊ⬡㉁࡜ࢱࣥࣃࢡ㉁ࡀධࡾ஺ࡌࡾࠊศᏊࡲࡓࡣศᏊ㞟ᅋࡀ⮬⏤࡟⭷୰ࢆ⛣ື
ࡍࡿࡇ࡜ࡀฟ᮶ࡿ࡜࠸࠺≉ᚩࢆᣢࡕࠊ⌧ᅾࡢᇶᮏᴫᛕ࡜ࡋ࡚ᨭᣢࡉࢀ࡚࠸ࡿ
37)(Fig. 2-1)ࠋ 
⸆๣ࡀ⏕య⭷ࢆ㏻㐣ࡍࡿࡓࡵ࡟ࡣ⬡㉁஧㔜⭷ࢆ㏻ࡽࡡࡤ࡞ࡽࡎࠊࡑࡢ㏻㐣ᶵ
ᵓࡣ⬡⁐ᛶࡢ㧗࠸⸆๣ࡢཷືᣑᩓࡸ㍺㏦༢య࡟ࡼࡿ㍺㏦ಁ㐍ࠊཷᐜయ࡞࡝࡟ࡼ
ࡿ࢚ࣥࢻࢧ࢖ࢺ࣮ࢩࢫ࡞࡝ࡀ࠶ࡿࠋࡋ࠿ࡋࠊࡇࢀࡽ࡟ࡣḞⅬࡀ࠶ࡿࠋ⬡⁐ᛶࡢ㧗
࠸⸆๣ࡢཷືᣑᩓ࡟ࡣ⸆๣ࡢ⬡⁐ᛶࡀせồࡉࢀࠊᴟᛶࡢ⸆๣ࡣ㏻㐣࡛ࡁ࡞࠸ཷࠋ
ᐜయ࡞࡝ࡢ࢚ࣥࢻࢧ࢖ࢺ࣮ࢩࢫ࡟ࡣపศᏊࡢ⸆๣ࡸࢱࣥࣃࢡ㉁ࡣ㍺㏦ࡉࢀࡿࡀࠊ
㔞ࡀከࡃ࡞࠸ 36)ࠋ 
 
 
Fig. 2-1 Fluid mosaic model of cell membranes. 
 
 1964ᖺ࡟ Banghamࡀࣞࢩࢳࣥࡢᠱ⃮ᾮࡼࡾࠊ࣓ࣛࣛᵓ㐀ࡢ஧ศᏊ⭷࠿ࡽ࡞ࡿ
ᑠ⬊ࡢᙧᡂࢆ㟁Ꮚ㢧ᚤ㙾࡛ぢࡘࡅࡓࠋࡇࡢᑠ⬊ࡣࡢࡕ࡟࣏ࣜࢯ࣮࣒࡜࿧ࡤࢀࡿ
ࡼ࠺࡟࡞ࡿࠋ⬡㉁ศᏊࡣ୧ぶ፹ᛶࡢ≀㉁࡛Ỉ୰࡟࠾࠸࡚Ᏻᐃ࡞஧㔜⭷ᵓ㐀ࢆ࡜
ࡿࡇ࡜࡛࣏ࣜࢯ࣮࣒ࢆᙧᡂࡍࡿࠋㄪ〇ἲ࡟ࡼࡗ࡚⢏Ꮚᚄࠊ⾲㠃㟁Ⲵ࠾ࡼࡧ◳ࡉ࡞
Phospholipid
Membrane protein
Cholesterol

࡝ࢆㄪ⠇ࡍࡿࡇ࡜ࡀฟ᮶ࡿࠋ࣏ࣜࢯ࣮࣒ࡣࠊ⸆๣ࢆ஧㔜⭷ෆ࡟ෆໟࡍࡿࡇ࡜ࡀ࡛
ࡁࡿࡓࡵ⸆≀㏦㐩ࢩࢫࢸ࣒ (drug delivery system : DDS)ࡢ࢟ࣕࣜ࢔࣮࡜ࡋ࡚ᮇᚅ
ࡉࢀ࡚࠸ࡿࠋ࣏ࣜࢯ࣮࣒ࡣ୺࡟⏕యᵓᡂᡂศ࡛࠶ࡿࣜࣥ⬡㉁࠿ࡽ࡛ࡁ࡚࠸ࡿࡓ
ࡵࠊ௚ࡢ DDS〇๣࡜ẚ࡭ࡿ࡜ẘᛶࡸᢠཎᛶࡀపࡃࠊᏳ඲ᛶࡀ㧗࠸ࠋࡋ࠿ࡋࠊ㟼
⬦ὀᑕ࡟ࡼࡿᢞ୚࡛ࡣ⫢⮚ࡸ⭁⮚࡞࡝ࡢ⣽⥙ෆ⓶⣔⤌⧊ (Reiculoendothe lia l 
System : RES)࡟㧗࠸๭ྜ࡛ྲྀࡾ㎸ࡲࢀ᤼ฟࡉࢀ࡚ࡋࡲ࠺ࠋࡇࡢḞⅬࢆゎỴࡍࡿࡓ
ࡵ࡟࣏࢚ࣜࢳࣞࣥࢢࣜࢥ࣮ࣝ(PEG)ࢆ⏝࠸ࡿࡇ࡜࡛ RES ࢆᅇ㑊ࡋࠊ㛗᫬㛫⾑୰
⁫␃ࡀྍ⬟࡜࡞ࡿ 38)ࠋࡲࡓࠊPEGࡣ⏕యෆ࡟࠾࠸࡚୙άᛶ࡛࠶ࡿ≉ᚩࢆᣢࡘࠋ
ࡇࡢࡇ࡜࠿ࡽᮎ➃ᵓ㐀ไᚚࡀᐜ࡛᫆࠶ࡾࠊ⸆≀࢟ࣕࣜ࢔ࡢ◊✲࡟ᩘከࡃ⏝࠸ࡽ
ࢀ࡚࠸ࡿ 39)ࠋࡉࡽ࡟ࠊPEG⣔࣏ࣜࢯ࣮࣒ࡣ⾑୰⁫␃ᛶࡀ㧗࠸ࡇ࡜࠿ࡽࠊ⢏ᚄࢆ
200nm ௨ୗ࡟ࡍࡿࡇ࡜࡛ EPR(enhanced permeability)ຠᯝ࡟ࡼࡾ⾑⟶᪂⏕ࡋࡓ⭘
⒆⤌⧊ࡸ⅖⑕㒊఩࡞࡝ࡢ⤌⧊࡟㞟✚ࡋࡸࡍ࠸ 38)ࠋࡇࡢࡼ࠺࡟࣏ࣜࢯ࣮࣒ࢆ⸆๣
࡜ࡋ࡚⏝࠸ࡿ㝿࡟ࡣࠊ࣏ࣜࢯ࣮࣒ࡢᏳᐃᛶ࠾ࡼࡧ≀ᛶࡣ⸆๣ࡢಖᏑࡸయෆືែ
࡟࠾࠸࡚㔜せ࡟࡞ࡿࠋ 
 ᮏ❶࡛ࡣࠊ཮⏕ࣜࣥ⬡㉁࡛࠶ࡿ DMPCࠊPEG⣔⏺㠃άᛶ๣ C12(EO)21ཬࡧ࢝ࢳ
࢜ࣥᛶ⬡㉁࡛࠶ࡿ 2C14ECl ࢆ⏝࠸࡚๰〇ࡋࡓ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ⭷≀ᛶ࡟ࡘ
࠸᳨࡚ウࡋࡓࠋ 
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2-2ᐇ㦂 
 
2-2-1 ヨᩱ 
 
㸺ࣜࣥ⬡㉁㸼 
 L-α-ࢪ࣑ࣜࢫࢺ࢖ࣝ࣍ࢫࣇ࢓ࢳࢪࣝࢥࣜࣥ(L-α-dimyristoylphosphatidylcho line 
(DMPC))ࡣࠊᕷ㈍ရ(COATSOME MC-400ࠊMw-677.9ࠊ┦㌿⛣ ᗘ : 23°Cࠊ
purity>99%ࠊ᪥ᮏἜ⬡ओ)ࢆࡑࡢࡲࡲ౑⏝ࡋࡓࠋ௨ୗ࡟ᵓ㐀ᘧࢆ♧ࡍࠋ 
 
 
 
 
 
 
 
 
㸺⏺㠃άᛶ๣㸼 
 ࣏ࣟ࢜࢟ࢩ࢚ࢳࣞࣥ(21)࢚࣮ࣛ࢘ࣜࣝࢸࣝ(Polyoxyethylene (21) lauryl ether 
(C12(EO)21))ࡣᕷ㈍ရ(Mw=1110ࠊ᪥ගࢣ࣑࢝ࣝࢬ)ࢆࡑࡢࡲࡲ౑⏝ࡋࡓࠋ௨ୗ࡟ᵓ
㐀ࢆ♧ࡍࠋ 
 
CH3(CH2)11O(CH2CH2O)21H 
 
㸺࢝ࢳ࢜ࣥᛶ⬡㉁㸼 
O,O’-ࢪࢸࢺࣛࢹ࢝ࣀ࢖ࣝ-N-(α-ࢺ࣓ࣜࢳࣝࣛࣥࣔࢽ࣮࢜࢔ࢭࢸ࢖ࣝ)-ࢪ࢚ࢱ
ࣀ࣮ࣝ࢔࣑ࣥࢡࣟࣛ࢖ࢻ (O,O’-ditetradecanoyl-N-(α-trimethylammonio-acetyl)-
diethanolamine chloride (2C14ECl))ࡣᕷ㈍ရ(DC-6-14ࠊMw=661.4ࠊ┦㌿⛣ ᗘ : 
34°Cࠊ┦஫⸆ᕤᰴᘧ఍♫)ࢆࡑࡢࡲࡲ౑⏝ࡋࡓࠋ௨ୗ࡟ᵓ㐀ᘧࢆ♧ࡍࠋ 
 
 
 
 
 
 
 
 
DMPC 
C12(EO)21
2C14ECl
CH3(CH2)12COCH2CH2㻌
CH3(CH2)12COCH2CH2㻌
O
O
NCCH2N(CH3)3Cl㻌

2-2-2 ࣁ࢖ࣈࣜࢵࢻ࣏ࣜࢯ࣮࣒ࡢㄪ〇 
 
 ࣜࣥ⬡㉁(DMPC)ࠊ⏺㠃άᛶ๣(C12(EO)21)ࢆ⢭⛗ࡋࠊ5%ࣈࢻ࢘⢾⁐ᾮ(኱ሯ〇⸆)
୰࡛ࣂࢫᆺ㉸㡢Ἴ↷ᑕჾ(WT-200-Mࠊᮏከ㟁Ꮚᰴᘧ఍♫)ࢆ⏝࠸࡚ࠊ❅⣲㞺ᅖẼ
ୗ࡛㉸㡢Ἴ↷ᑕ(45°C,1ml/min)ࢆ⾜࠸ࠊᚓࡽࢀࡓᆒ୍࡞⁐ᾮࢆᏍᚄ 0.20μ m ࣓ࣥ
ࣈࣞࣥࣇ࢕ࣝࢱ࣮(ADVANTEC)࡛ℐ㐣⁛⳦ࡋ࡚ヨᩱ⁐ᾮ࡜ࡋࡓ(Fig. 2-1)ࠋ 
 
 
 
 
 
 
 
 
Fig. 2-1 Schematic representation of hybrid liposomes. 
 
 
2-2-3 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇 
 
 ࣜࣥ⬡㉁(DMPC)ࠊ⏺㠃άᛶ๣(C12(EO)21)࠾ࡼࡧ࢝ࢳ࢜ࣥᛶ⬡㉁(2C14ECl)ࢆ⢭
⛗ࡋࠊ5%ࣈࢻ࢘⢾⁐ᾮ(኱ሯ〇⸆)୰࡛ࣂࢫᆺ㉸㡢Ἴ↷ᑕჾ(WT-200-Mࠊᮏከ㟁Ꮚ
ᰴᘧ఍♫)ࢆ⏝࠸࡚ࠊ❅⣲㞺ᅖẼୗ࡛㉸㡢Ἴ↷ᑕ(45°C,1ml/min)ࢆ⾜࠸ࠊᚓࡽࢀࡓ
ᆒ୍࡞⁐ᾮࢆᏍᚄ 0.20μm࣓ࣥࣈࣞࣥࣇ࢕ࣝࢱ࣮(ADVANTEC)࡛ℐ㐣⁛⳦ࡋ࡚ヨ
ᩱ⁐ᾮ࡜ࡋࡓ(Fig. 2-2)ࠋ 
 
 
 
 
 
 
 
Fig. 2-2 Schematic representation of cationic liposomes. 
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2-2-4 ືⓗගᩓ஘ἲ࡟ࡼࡿ⭷┤ᚄࡢ ᐃ 
 
 ⭷┤ᚄ(dhy: hydrodynamic diameter)ࡣගᩓ஘ගᗘィ(ELS-Z, ኱ሯ㟁Ẽ)ࢆ⏝࠸ࠊ
ືⓗගᩓ஘ἲ࡟ࡼࡗ࡚ ᐃࡋࡓࠋග※࡜ࡋ࡚ He-Ne࣮ࣞࢨ࣮ࡢ 633nmࢆฟຊ
10㹫V࡛⏝࠸ࠊᚓࡽࢀࡓᩓ஘ಀᩘ(D)ࢆ(1)ᘧ Stokes-Einsteinᘧ࡟ᚑࡗ࡚⭷┤ᚄࢆ
ồࡵࡓࠋ 
dhy=κT/ 3nηD (1) 
ࡇࡇ࡛ κࡣ BolzmannᐃᩘࠊTࡣ⤯ᑐ ᗘࠊηࡣ⁐፹ࡢ⢓ᗘ࡛࠶ࡿࠋ 
 
  

 2-3 ⤖ᯝ࡜⪃ᐹ 
 
2-3-1 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢᏳᐃᛶ 
 
 ᪂つᢠࡀࢇ๣ࡢ㛤Ⓨࢆ┠ⓗ࡜ࡋ࡚ࠊࣜࣥ⬡㉁࡟ DMPCࠊ⏺㠃άᛶ๣࡟ C12(EO)21ࠊ
࢝ࢳ࢜ࣥᛶ⬡㉁࡟ 2C14EClࢆ⏝࠸࡚ㄪ〇ࡋࡓ DMPC ༢୍࣏ࣜࢯ࣮࣒ࠊࣁ࢖ࣈࣜ
ࢵࢻ࣏ࣜࢯ࣮࣒(95mol%DMPC/ 5mol%C12(EO)21 : HL21)ࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒
(87mo l%DMPC/ 5mol%C12(EO)21/ 8mol%2C14ECl : CL)ࡢ 37°CಖᏑ࡟࠾ࡅࡿ⭷┤
ᚄࡢ⤒᫬ኚ໬࡟ࡘ࠸࡚ືⓗගᩓ஘ἲ࡟ࡼࡾ᳨ウࡋࡓࠋࡲࡓࠊ⮫ᗋᛂ⏝ࢆど㔝࡟ධ
ࢀࠊㄪ〇⁐፹࡟ 5%ࣈࢻ࢘⢾⁐ᾮࢆ⏝࠸ࡓࠋ 
CL ࡢ⭷┤ᚄ(dhy)ࡢ⤒᫬ኚ໬ࢆືⓗගᩓ஘ἲ࡟ࡼࡾ ᐃࡋࡓ⤖ᯝࢆ Fig.2-3 ࡟
♧ࡍࠋDMPCࡣ୙Ᏻᐃ࡛ࠊ100nm~300nm๓ᚋࡢ⭷┤ᚄ࡛࠶ࡗࡓࠋHL-21 ࡣ㠀ᖖ
࡟୙Ᏻᐃ࡛ㄪ〇ᚋ 7 ᪥௨㝆ࡼࡾ 800nm௜㏆ࡢ⭷┤ᚄ࡜࡞ࡾ⤒᫬ⓗ࡞⭷┤ᚄࡢቑ
኱ࡀ☜ㄆࡉࢀࡓࠋCLࡣㄪ〇┤ᚋ࠿ࡽᏳᐃ࡛ 100nmࡢ⭷┤ᚄ࡛ 1ࣨ᭶௨ୖᏳᐃࡋ
ࡓࠋ 
 ௨ୖࡢࡇ࡜࠿ࡽࠊCLࡣ⣙ 100nm࡛㛗ᮇ㛫Ᏻᐃ࡞⭷ࢆᙧᡂࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜
࡞ࡗࡓࠋࡇࡢࡇ࡜࠿ࡽࠊ㟼⬦ᢞ୚ࡢ㝿࡟⣽⥙ෆ⓶⣔(Reticuloendothelial System : 
RES)ᅇ㑊ࡀྍ⬟࡛࠶ࡾࠊ⮫ᗋᛂ⏝࡟㐺ࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

  
Fig.2-3 Time course of dhy change for cationic liposomes composed of 87mol%DMPC, 
5mol%C12(EO)21 and 8mol%2C14ECl in 5% glucose solution at 37°C. 
DMPC㸸[DMPC]=1.0×10-2M 
HL㸸[DMPC]=1.0×10-2M, [C12(EO)21]=5.3×10-4M 
CL㸸[DMPC]=1.0×10-2M, [C12(EO)21]=5.7×10-4M, [2C14ECl]=9.2×10-4M 
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2-4 ⥲ᣓ 
 
 ᮏ❶࡛ࡣࠊ᪂つࡀࢇ἞⒪⸆ࡢ๰ᡂࢆ┠ⓗ࡜ࡋࠊ87mol%DMPC/5mol%C12(EO)2 1  
/8mol%2C14ECl࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒(CL)ࡢ⭷≀ᛶ࡟ࡘ࠸᳨࡚ウࡋࠊ௨ୗࡢࡼ࠺࡞
⯆࿡῝࠸▱ぢࡀᚓࡽࢀࡓࠋ 

1. ືⓗගᩓ஘ἲ࡟ࡼࡿ⭷┤ᚄࡢ ᐃ࠿ࡽࠊDMPCࡣ୙Ᏻᐃ࡛ࠊ100nm~300nm
๓ᚋࡢ⭷┤ᚄ࡛࠶ࡗࡓࠋHL-21 ࡣ㠀ᖖ࡟୙Ᏻᐃ࡛ㄪ〇ᚋ 7 ᪥௨㝆ࡼࡾ
800nm௜㏆ࡢ⭷┤ᚄ࡜࡞ࡾ⤒᫬ⓗ࡞⭷┤ᚄࡢቑ኱ࡀ☜ㄆࡉࢀࡓࠋCLࡣㄪ
〇┤ᚋ࠿ࡽᏳᐃ࡛ 100nmࡢ⭷┤ᚄ࡛ 1ࣨ᭶௨ୖᏳᐃࡋࡓࠋ 
 
௨ୖࡢ⤖ᯝ࠿ࡽࠊ87mol%DMPC/5mol%C12(EO)21/8mol%2C14ECl ࢝ࢳ࣏࢜ࣥࣜ
ࢯ࣮࣒(CL)ࡣ 37°CಖᏑ࡟࠾࠸࡚㛗ᮇ㛫Ᏻᐃ࡞⭷ࢆᙧᡂࡋࠊ⏕య࡬ࡢ㟼⬦ὀᑕࡢ
㝿࡟ࠊ⣽⥙ෆ⓶⣔(RES)࡬ࡢྲྀࡾ㎸ࡳࢆᅇ㑊࡛ࡁࡿࡇ࡜ࡀ♧၀ࡉࢀࠊ㛗ᮇಖᏑࡀ
ྍ⬟࡛࠶ࡾࠊ⮫ᗋᛂ⏝࡟᭷⏝࡛ࡁࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
  

➨ 3❶ ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ኱⭠ࡀࢇ⣽⬊࡟ᑐࡍࡿไࡀࢇຠᯝ 

3-1 ᗎ 
 
 ᪥ᮏࡢཎᅉ⑌ᝈṚஸ⪅ᩘࡢ๭ྜ࡟࠾࠸࡚ 1980 ᖺ࠿ࡽ 2014 ᖺࡲ࡛ᝏᛶ⭘⒆࡟
ࡼࡿṚஸ⪅ᩘࡀ 1఩ࢆ༨ࡵ࡚࠸ࡿ 40)ࠋṚᅉ࡜࡞ࡿᝏᛶ⭘⒆ࡣࠊ⏨ᛶ࡛ࡣ⫵ࡀࢇࠊ
⫶ࡀࢇࠊ኱⭠ࡀࢇ࡛࠶ࡾࠊዪᛶࡣ⫵ࡀࢇࠊ኱⭠ࡀࢇࠊ⫶ࡀࢇࡀ୺࡟ከࡃࠊ⨯ᝈᩘ
࠾ࡼࡧṚஸᩘࡣᖺࠎቑຍࡍࡿഴྥ࡟࠶ࡿࠋࡲࡓࠊ኱⭠ࡀࢇࡢ⨯ᝈ⋡ࡣ 50ṓ௦࠿
ࡽቑຍࡋ࡚࠸ࡁࠊ㧗㱋࡟࡞ࡿ࡯࡝㧗ࡃ࡞ࡿࠋ 
኱⭠࡜ࡣᑠ⭠ࡼࡾኴ࠸⭠࡜࠸࠺ព࿡࡛࠶ࡾࠊ㛗ࡉࡣ 1.5m ࡜ᑠ⭠ࡼࡾࡶ▷ࡃࠊ
┣⭠ࠊ⤖⭠࠾ࡼࡧ┤⭠࠿ࡽฟ᮶࡚࠸ࡿࠋࡋ࠿ࡋࠊே㛫ࡢ┣⭠࡟ࡣ≉࡟ᙺ๭ࡣ࡞࠸ࠋ
⤖⭠ࡣ⭡⭍ࡢྑ➃ࢆୖ⾜ࡍࡿୖ⾜⤖⭠ࡀ࠶ࡾࠊḟ࡟⫶ࡢ኱ᙃ࡟ἢ࠸ୖ⭡㒊ࢆྑ
࠿ࡽᕥ࡟ᶓษࡿᶓ⾜⤖⭠࠾ࡼࡧ⭁⮚ࡢୗ➃ࢆ⭡⭍ࡢᕥ➃࡟ྥ࠿࠺ୗ⾜⤖⭠࠿ࡽ
࡞ࡿࠋᶓ⾜⤖⭠ࡣ㛫⭷ࢆᣢࡘࡓࡵ⛣ືࡍࡿࡀୖࠊ ⾜⤖⭠࠾ࡼࡧୗ⾜⤖⭠ࡣᚋ⭡ቨ
࡟༙ศᇙࡲࡗ࡚࠸ࡿࡓࡵ㛫⭷ࢆᣢࡓ࡞࠸ࠋୗ⾜⤖⭠ࡣࡉࡽ࡟ୗ㒊࡛㛫⭷ࢆᣢࡘࠊ
ࡇࢀࡀ S≧⤖⭠࡜ゝࢃࢀࡿࠋ┤⭠ࡣ኱⭠᭱ᚋࡢ⣙ 20cmࡢ㒊ศࡢࡇ࡜ࢆᣦࡍ 41)ࠋ
ࡇࡢ⤖⭠࠾ࡼࡧ S≧⤖⭠ࠊ┤⭠࠿ࡽ࡟ฟ᮶ࡓࡀࢇࢆ኱⭠ࡀࢇ࡜࿧ࡪࠋ 
኱⭠ࡀࢇࡣ኱⭠⢓⭷ࡢ⣽⬊࠿ࡽⓎ⏕ࡋࠊ⥺✀࡜࿧ࡤࢀࡿⰋᛶ࡞⭘⒆ࡢ୍㒊ࡀ
ࡀࢇ໬ࡋ࡚Ⓨ⏕ࡍࡿࡶࡢ࡜ṇᖖ࡞⢓⭷࠿ࡽ┤᥋Ⓨ⏕ࡍࡿࡶࡢࡀ࠶ࡿࠋ኱⭠⢓⭷
ࡢ⾲㠃࠿ࡽ⏕ࡌࡓࡀࢇࡣࠊ኱⭠ࡢቨࢆḟ➨࡟ᾐ₶ࡋࠊ⢓⭷ෆࡲࡓࡣ⢓⭷ୗᒙࡲ࡛
㐍⾜ࡋࡓࡶࡢࢆ᪩ᮇ኱⭠ࡀࢇࠊ➽ᒙࡼࡾࡶඛࡲ࡛㐍⾜ࡋࡓࡶࡢࢆ㐍⾜኱⭠ࡀࢇ
࡜࿧ࡤࢀ࡚࠸ࡿࠋᾐ₶ࡀ㐍⾜ࡍࡿ࡜⭡⭷ࡸ⫢⮚ࠊ⫵ࠊࣜࣥࣃ⠇࡞࡝ࡢูࡢ⮚ჾ࡬
࡜㌿⛣ࡍࡿ 42)ࠋ኱⭠ࡀࢇࡢཎᅉ࡜ࡋ࡚ࡣႚ↮ࡸ㐠ື୙㊊ࠊ㐣ᗘࡢ࢔ࣝࢥ࣮ࣝࡢ
ᦤྲྀ࡟ࡼࡿࡶࡢࡀከ࠸ࠋ 
 ኱⭠ࡀࢇࡣ᪩ᮇ࡟Ⓨぢࡍࡿࡇ࡜࡟ࡼࡾࠊෆど㙾ⓗษ㝖ࡸᡭ⾡⒪ἲ࡟ࡼࡾ᏶඲
࡟἞ࡍࡇ࡜ࡀ࡛ࡁࡿࠋ⫢⮚ࡸ⫵࡬㌿⛣ࡋ࡚࠸ࡓሙྜ࡛ࡶࠊ᪩ᮇ࡛࠶ࢀࡤᡭ⾡⒪ἲ
࡟ࡼࡾ᏶඲࡞἞⒵ࢆᮃࡴࡇ࡜ࡀ࡛ࡁࡿࠋࡋ࠿ࡋࠊ᪩ᮇ࡛ࡢ⮬ぬ⑕≧ࡀ࡞࠸ࡓࡵⓎ
ぢࡀ㞴ࡋ࠸࡜ゝࢃࢀ࡚࠸ࡿࠋࡲࡓࠊ኱⭠ࡀࢇࡢ἞⒪࡟ࡣከࡃࡢၥ㢟Ⅼࡀ࠶ࡾࠊᡭ
⾡⒪ἲ࡛ࡣࠊ⾡ᚋ࡟⦭ྜ୙඲ࠊ๰ឤᰁ➼ࡢྜే⑕ࡀ⏕ࡌࡿࡇ࡜ࡀ࠶ࡿࠋᡭ⾡⒪ἲ
࡜୪⾜ࡋ࡚⾜ࢃࢀࡿᨺᑕ⥺⒪ἲ࡟ࡣࠊ⑂ປឤࡸࡔࡿࡉࠊ㣗ḧ୙᣺࡞࡝ࡀ㉳ࡇࡾࡸ
ࡍࡃࠊ໬Ꮫ⒪ἲ࡟ࡣᢠࡀࢇ๣࡟ࡼࡿྤࡁẼࠊ⓶⭵⅖ࠊⓑ⾑⌫ࡢῶᑡ࡞࡝ࡢ๪స⏝
ࡀ࠶ࡿࡓࡵࠊ๪స⏝ࡢ࡞࠸Ᏻ඲࡛ຠᯝⓗ࡞ᢠࡀࢇ๣ࡢ㛤Ⓨࡀᮃࡲࢀ࡚࠸ࡿࠋ 
 ᮏ❶࡛ࡣࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ኱⭠ࡀࢇ἞⒪࡬ࡢᛂ⏝ࢆ┠ⓗ࡜ࡋࠊࣜࣥ⬡㉁
(DMPC)ࠊPEG ⣔⏺㠃άᛶ๣(C12(EO)21)ཬࡧ࢝ࢳ࢜ࣥᛶ⬡㉁(2C14ECl)࠿ࡽ࡞ࡿ
87mol%DMPC/ 5mol%C12(EO)21/ 8mol%2C14ECl࢝ࢳ࣏࢜ࣥࣜࢯ࣮(CL)ࡢࣄࢺ኱⭠
ࡀࢇ(HCT116)⣽⬊࡟ᑐࡍࡿไࡀࢇ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ࡢ᳨ウࢆ⾜ࡗࡓࠋ 
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3-2 ᐇ㦂 
 
3-2-1 ヨᩱ 
 
 ࣜࣥ⬡㉁(DMPC)ࠊ⏺㠃άᛶ๣(C12(EO)21ཬࡧ࢝ࢳ࢜ࣥᛶ⬡㉁(2C14ECl)ࡣ 2-2-1
࡜ྠᵝࡢࡶࡢࢆ౑⏝ࡋࡓࠋ 
 
3-2-2 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇 
 
 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒(CL)ࡣ 2-2-2࡜ྠᵝࡢ᪉ἲ࡛ㄪᩚࢆ⾜ࡗࡓࠋ 
 
3-2-3 ືⓗගᩓ஘ἲ࡟ࡼࡿ⭷┤ᚄࡢ ᐃ 
 
 ືⓗගᩓ஘ἲ࡟ࡼࡿ ᐃࡣ 2-2-3࡜ྠᵝࡢ᪉ἲ࡛ ᐃࢆ⾜ࡗࡓࠋ 
 
3-2-4 ౑⏝⣽⬊ 
 
 ࣄࢺ኱⭠ࡀࢇ (HCT116㸸CRL-247)⣽⬊ࡣ American Type Culture Cellection 
(ATCC)ࡼࡾ㉎ධࡋࡓࡶࡢࢆ౑⏝ࡋࡓࠋRPMI1640(Gibco BRL)㸩10% fetal bovine 
serum(FBS㸹HyClone Laboratories Inc.)ࢆᇵ㣴ᇵᆅ࡜ࡋ࡚⏝࠸ࠊ37°Cࠊ‵ᗘ 95%ࠊ
CO2⃰ᗘ 5%ࡢ᮲௳࡛ᇵ㣴ࢆ⾜ࡗࡓࠋ 
 
 ࣄࢺṇᖖ኱⭠(CCD-33Co㸸CRL-1539)⣽⬊ࡣࠊATCC ࡼࡾ㉎ධࡋࡓࡶࡢࢆ౑⏝
ࡋࡓࠋEMEM(ATCC)㸩FBS(ATCC)ࢆᇵ㣴ᇵᆅ࡜ࡋ࡚⏝࠸ࠊ37°Cࠊ‵ᗘ 95%ࠊCO2
⃰ᗘ 5%ࡢ᮲௳࡛ᇵ㣴ࢆ⾜ࡗࡓࠋ 
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3-2-5 ⣽⬊⭷ࡢ࢞ࣥࢢࣜ࢜ࢩࢻ㔞 ᐃ 
 
ࣄࢺ኱⭠ࡀࢇ(HCT116)⣽⬊⭷ཬࡧࣄࢺṇᖖ኱⭠(CCD-33Co)⣽⬊⭷ࡢ࢞ࣥࢢࣜ
࢜ࢩࢻ(GM1)㔞ࡢ ᐃࡣඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾ࢆ⏝࠸࡚ࠊࣛࣇࢺ࣐࣮࣮࢝࡟ࡼࡿ
⬡㉁ᰁⰍ࡟ࡼࡾ ᐃࡋࡓࠋ 
᝟ሗఏ㐩ࡀࢲ࢖ࢼ࣑ࢵࢡ࡟ไᚚࡉࢀࡓ⣽⬊࡟࠾࠸࡚ࠊ⣽⬊⭷ࡢᙧែኚ໬ࡸ⣽
⬊㦵᱁ࡢኚ໬ࠊ㌿෗ஹ㐍ࠊ࢚ࣥࢻࢧ࢖ࢺ―ࢩࢫࠊ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡞࡝ࡢືែࢆ
ほᐹࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࠋ1960 ᖺ௦ࠊୗᮧ࡟ࡼࡗ࡚ Aequorea Victoria Green 
Fluorescent Protein(GFP)ࡀⓎぢࡉࢀ 43,44)ࠊࡑࡢ࣌ࣉࢳࢻ㙐ࡀ⮬ᕫ᏶⤖ⓗ࡟⺯ගⓎ
Ⰽࡍࡿࡇ࡜ࡀศ࠿ࡗ࡚௨᮶ࠊḟࠎ࡜⺯ගࢱࣥࣃࢡ㉁ࡀ༢㞳ࡉࢀࠊቑຍࡢ୍㏵ࢆ㎺
ࡗ࡚࠸ࡿ 45,46) 
ࢥࣞࣛẘ⣲ B ࢧࣈࣘࢽࢵࢺ(CT-B)ࡣࡑࢀ⮬య࡟ẘᛶࡀ࡞ࡃࠊ↓⢾㉁ࡢ୍✀࡛
࠶ࡿ GM1 ࡟≉␗ⓗ࡟⤖ྜࡍࡿࡇ࡜࠿ࡽࠊGM1 ࡢ⣽⬊ෆศᕸࡸືែࢆほᐹࡍࡿ
⺯ගࣉ࣮ࣟࣈ࡜ࡋ࡚⏝࠸ࡽࢀ࡚࠸ࡿ 47,48)ࠋ 
㸺CT-Bࣛ࣋ࣝἲ㸼 
ࣄࢺ኱⭠ࡀࢇ(HCT116)⣽⬊(5.0×104 cells/ml)ཬࡧࣄࢺṇᖖ኱⭠(CCD-33Co)⣽
⬊(5.0×104 cells/ml)ࢆ࢞ࣛࢫ࣎ࢺ࣒ࢹ࢕ࢵࢩ࡛ࣗ 24 ᫬㛫ᇵ㣴ࢆ⾜ࡗࡓࠋᇵ㣴ᚋࠊ
PBS(-)࡛ὙίࡋࠊCT-B(10μg/ml, life technologies)ࢆ 50μl/dish࡛ῧຍᚋࠊị୰࡛ 30
ศᰁⰍࢆ⾜ࡗࡓࠋᰁⰍᚋࠊPBS(-)࡛Ὑίࢆ⾜࠸ࠊඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡛ほᐹᚋ
࡟ࠊᚓࡽࢀࡓ⏬ീ࠿ࡽ⺯ගᙉᗘࡢᐃ㔞໬ࢆ⾜ࡗࡓࠋ 
 
3-2-6 ⣽⬊⭷ࡢ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ㔞 ᐃ 
 
 ࣄࢺ኱⭠ࡀࢇ(HCT116)⣽⬊ཬࡧࣄࢺṇᖖ኱⭠(CCD-33Co)⣽⬊ࡢࣇ࢛ࢫࣇ࢓ࢳ
ࢪࣝࢭࣜࣥ(PS)㔞ࡢ᳨ฟࡣࠊPS ࡟㑅ᢥⓗ࡟⤖ྜࡍࡿ Annexin-V ࢆ⏝࠸࡚ࣇ࣮ࣟ
ࢧ࢖ࢺ࣓࣮ࢱ࣮࡟ࡼࡾ ᐃࡋࡓ(Fig.3-1)ࠋ 
 ᇵ㣴ࣇࣛࢫࢥ (ᇵ㣴㠃✚ 25cm2)࡟⣽⬊ࢆ 5ml ᧛✀ࡋ 24 ᫬㛫ᇵ㣴ᚋࠊ
Accutase(Innovative Cell Technologies inc.)࡛ฎ⌮ࡋᇵ㣴ࣇࣛࢫࢥ࠿ࡽ๤㞳ࢆ⾜࠸
᥇ྲྀࡋ㐲ᚰศ㞳(3000rpm/5min, 4°C)ࢆ⾜࠸ࠊὙί(2mlࡢ PBS(-)࡛ᠱ⃮)ࡋୖ⃈ࡳ
ࢆ㝖ཤࡋࡓୖࠋ ⃈ࡳ㝖ཤᚋࠊIncubation buffer(Annexin-V-FLUOS Staining Kit, Roche 
Diagnostics K.K)࡛ᕼ㔘ࡋࡓ Annexin-V(Incubation baffer㸸Annexin-V=50㸸1)ࢆ 100μl
ῧຍࡋࠊᬯᡤ࣭෭ᡤ࡟࡚ 10~15 ศᰁⰍࢆ⾜ࡗࡓࠋୖ⃈ࡳࢆ㝖ཤᚋࠊ500μl ࡢ
Incubation buffer ࢆຍ࠼ࠊᠱ⃮ࡋ ᐃヨᩱ࡜ࡋࡓࠋ ᐃヨᩱࡣࣇ࣮ࣟࢧ࢖ࢺ࣓࣮
ࢱ࣮(Epics XL system Ⅱ,Beckman Coulter K.K.)ࢆ⏝࠸࡚ PS㔞ࡢ ᐃࢆ⾜ࡗࡓࠋග
※࡟ࡣ 488nmࡢ Ar࣮ࣞࢨ࣮ࢆฟຊ 15mW ࡛౑⏝ࡋࠊAnnexin-Vࡢ⺯ගἼ㛗ࡣ
FL1(500-562nm)ࢭࣥࢱ࣮ࢆ⏝࠸࡚⾜ࡗࡓࠋ┦ᑐⓗ࡞ PS㔞ࡣࠊᮍᰁⰍ⣽⬊ࡢ⺯ග

㔞࡜ᰁⰍ⣽⬊ࡢ⺯ග㔞ࡢẚ࠿ࡽ⟬ฟࡋࡓࠋ 
 
 
Fig.3-1 Schematic representation of Annexin-V staining assay. 
 
3-2-7 ࣮ࣞࢨ―ࢻࢵࣉ࣮ࣛἲࢆ⏝࠸ࡓ⣽⬊⭷⾲㠃㟁Ⲵࡢ ᐃ 
 
 ࣮ࣞࢨ―ࢻࢵࣉ࣮ࣛἲࡣࢻࢵࣉ࣮ࣛຠᯝ(ගࡸ㡢Ἴࡀື࠸࡚ࡿ≀య࡟ᙜࡓࡾ཯
ᑕ࠶ࡿ࠸ࡣᩓ஘ࡍࡿ࡜ࠊගࡸ㡢Ἴࡢ࿘Ἴᩘࡀ≀యࡢ㏿ᗘ࡟ẚ౛ࡋ࡚ኚ໬ࡍࡿ)ࢆ
฼⏝ࡋ࡚⢏ᏊࡢὋື㏿ᗘࢆồࡵࡿ᪉ἲ࡛࠶ࡿ 49-51)ࠋ 
 
Fig. 3-2 ࣊ࢸࣟࢲ࢖ࣥἲ࡟ࡼࡿ㟁ẼὋືගᩓ஘ගᗘィࡢගᏛ⣔. 
 
He-࣮ࣞࢨ࣮ࢆග※࡜ࡋ࡚ࠊ࣑࣮ࣛ(M1, M2)ࠊࣆ࣮ࣥ࣍ࣝ(P1, P2)ࡣ㟁ẼὋືࢭࣝ
(C)࡜୰ᚰ࡜ࡋ࡚ᅇ㌿ࡍࡿᚋ࡟ࢦࢽ࣓࣮࢜ࢱୖ࡟஌ࡏࡽࢀ࡚࠾ࡾࠊᩓ஘ゅ(θ)ࡣࠊ
ࢫࢸࢵࣉ࣮ࣔࢱ࣮࡟ࡼࡾ 5~22°ࡢ⠊ᅖ࡛ࢫ࡛࢟ࣕࣥࡁࡿࠋཧ↷ගࡣࣁ࣮ࣇ࣑࣮ࣛ
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(HM1)࡛୺ග᮰ࡼࡾྲྀฟࡋࣔࢪ࣮ࣗࣞࢱ―ୖࡢ࣑࣮ࣛ(MD)࡛཯ᑕࡋᅇ㌿ྍ⬟࡞
࣑࣮ࣛ(M3)ࠊࣁ࣮ࣇ࣑࣮ࣛ(HM2)࡛ᩓ஘ග࡜ΰྜࡉࢀࠊග㟁Ꮚቑಸ⟶(PM)࡟ࡼࡗ
᳨࡚ฟࡉࢀࡿ(Fig. 3-2)ࠋ 
 㟁ẼὋືࡋ࡚࠸ࡿ⢏Ꮚ࡟࣮ࣞࢨ࣮ගࢆ↷ᑕࡍࡿ࡜⢏Ꮚ࠿ࡽࡢᩓ஘ගࡣࢻࢵࣉ
࣮ࣛຠᯝ࡟ࡼࡾ࿘Ἴᩘࡀࢩࣇࢺࡍࡿࠋࢩࣇࢺ㔞ࡣ⢏ᏊࡢὋື㏿ᗘ࡟ẚ౛ࡍࡿࡇ
࡜࠿ࡽࠊࡇࡢࢩࣇࢺ㔞ࢆ ᐃࡍࡿࡇ࡜࡟ࡼࡾ⢏ᏊࡢὋື㏿ᗘࡀࢃ࠿ࡿࠋࢩࣇࢺ㔞
ࢆồࡵࡿࡓࡵ࡟࣮ࣞࢨ࣮ࢮ࣮ࢱ㟁఩ィ(ELS-8000, ኱ሯ㟁Ꮚ)࡛ࡣ࣊ࢸࣟࢲ࢖ࣥ
ගᏛ⣔ࢆ⏝࠸࡚࠸ࡿ 52)ࠋࡇࢀࡣࠊࢻࢵࣉ࣮ࣛࢩࣇࢺࡋ࡚࠸ࡿ⢏Ꮚ࠿ࡽᩓ஘ගࢆࠊ
ヨᩱࢭࣝࢆ㏻㐣ࡋ࡚࠸࡞࠸࣮ࣞࢨ࣮ග(ཧ↷ග)࡜ΰྜࡍࡿ᪉ἲ࡛࠶ࡿࠋࡇࡢࡼ࠺
࡟␗࡞ࡿ࿘Ἴᩘࡢගࢆΰྜࡍࡿ࡜ࠊ⤖ᯝ࡜ࡋ࡚ᚓࡽࢀࡿගࡢᙉᗘࡣࡕࡻ࠺࡝ࡑ
ࢀࡽࡢᕪࡢ࿘Ἴᩘࠊࡘࡲࡾࠊࢩࣇࢺศࡢ࿘Ἴᩘ࡛ኚ໬ࡍࡿࠋࡇࢀࢆ PM ᳨࡛ฟ
ࡋࠊಙྕࡢ࿘Ἴᩘゎᯒࢆ⾜࠺ࡇ࡜࡟ࡼࡾࢩࣇࢺ㔞ࡀồࡵࡽࢀࡿࠋ࡞࠾ࠊ ᐃࡉࢀ
࡚࠸ࡿᩓ஘ගࡣᩓ஘య✚୰࡟࠶ࡿ↓ᩘࡢ⢏Ꮚ࠿ࡽࡢࡶࡢ࡞ࡢ࡛ࠊࡇࡢ᪉ἲ࡟ࡼ
ࡾ▷᫬㛫࡛ࢮ࣮ࢱ㟁఩ࡢศᕸ࡞࡝ࡢ⤫ィⓗ࡞ࢹ࣮ࢱࡀồࡵࡽࢀࡿࠋ 
 ᖏ㟁ࡋࡓ⢏Ꮚࡀศᩓࡋ࡚࠸ࡿ⣔࡟እ㒊࠿ࡽ㟁ሙࢆ࠿ࡅࡿ࡜ࠊ⢏Ꮚࡣࡑࡢ⾲㠃
㟁఩ࡢ➢ྕ࡜཯ᑐ᪉ྥ࡟Ὃືࡍࡿࡀࠊࡑࡢ㏿ᗘࡣ⢏ᏊࡢⲴ㟁࡟ẚ౛ࡍࡿࡓࡵࠊࡑ
ࡢ⢏ᏊࡢὋື㏿ᗘࢆ ᐃࡋࠊⲴ㟁ሙࡢᙉࡉ࡜⁐፹ࡢ⢓ᗘࡸㄏ㟁⋡➼ࡢὶయຊᏛ
ⓗ࡞ຠᯝࢆ⪃៖࡟ධࢀ࡚ィ⟬ࡍࡿࡇ࡜࡛ࢮ࣮ࢱ㟁఩ࡀồࡵࡽࢀࡿࠋࢮ࣮ࢱ㟁఩
ࡣᅛᐃᒙ࡜ᣑᩓᒙࡢቃ⏺㠃࡟㏆࠸ࡍ࡭ࡾ㠃ࡢ㟁఩࡜ᐃ⩏ࡉࢀ࡚࠸ࡿ(Fig.3-3)ࠋᚤ
⢏Ꮚࡸࢥࣟ࢖ࢻ⢏Ꮚࡢሙྜࠊࢮ࣮ࢱ㟁఩ࡢ⤯ᑐ್ࡀῶᑡࡍࢀࡤࠊ⢏Ꮚ㛫ࡢ཯Ⓨຊ
ࡣᙉࡃ࡞ࡾ⢏ᏊࡢᏳᐃᛶࡣ㧗ࡃ࡞ࡿࠋ㏫࡟⤯ᑐ್ࡀῶᑡࡍࢀࡤࠊ⢏Ꮚ㛫ࡢ཯Ⓨຊ
ࡣᙅࡃ࡞ࡾ⢏Ꮚ఩ࡣจ㞟ࡋࡸࡍࡃ࡞ࡿࠋࡑࡇ࡛ࢮ࣮ࢱ㟁఩ࡣ⢏ᏊࡢศᩓᏳᐃᛶ
ࡢᣦᶆ࡜ࡋ࡚⏝࠸ࡽࢀࡿ 53)ࠋ 
 
Fig. 3-3 ⢏Ꮚ࿘ᅖࡢᖏ㟁≧ែ. 
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 ࣮ࣞࢨ࣮ࢹ࣮ࢱ㟁఩ィ(ELS-8000,኱ሯ㟁Ꮚ)ࢆ⏝࠸࣮ࣞࢨ࣮ࢻࢵࣉ࣮ࣛἲ࡟ࡼ
ࡾࢮ࣮ࢱ㟁఩ࡢ ᐃࢆ⾜ࡗࡓࠋග※࡜ࡋ࡚ He-Ne ࣮ࣞࢨ࣮ࡢ 632.8nmࡢⓎಙ⥺
ࢆฟຊ 10mW ࡛⏝࠸ࠊᩓ஘ゅ 20°࡛ ᐃࢆ⾜ࡗࡓࠋࢮ࣮ࢱ㟁఩ࡣ Smoluchowsk i
ࡢ㛵ಀᘧ(U=εζ/ 4πη)࡟ࡼࡗ࡚ồࡵࡓࠋUࡣ㟁Ẽ⛣ືᗘࠊε ࡣㄏ㟁⋡ࠊζ ࡣࢮ࣮ࢱ
㟁఩ࠊηࡣ⢓ᗘ࡛࠶ࡿࠋ 
 
3-2-8 㓝⣲άᛶ ᐃἲ࡟ࡼࡿ 50%ቑṪᢚไࡢỴᐃ 
 
 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒(CL)ࡢࣄࢺ኱⭠ࡀࢇ(HCT116)⣽⬊ཬࡧࣄࢺṇᖖ኱⭠
(CCD-33Co)⣽⬊࡟ᑐࡍࡿቑṪᢚไຠᯝࡣࠊ㓝⣲άᛶ ᐃἲ࡛࠶ࡿWST-1 assayἲ
54)(Fig. 3-4)ࡼࡾホ౯ࡋࡓࠋ 
 ⬺Ỉ⣲཯ᛂ࡟࠾࠸࡚ࠊ⣽⬊ෆࡢ࣑ࢺࢥࣥࢻࣜ࢔ࡢ⬺Ỉ⣲㓝⣲ࡀᇶ㉁࠿ࡽ㸰ࡘ
ࡢỈ⣲ཎᏊࢆᘬࡁᢤࡃࡇ࡜࡛ࠊ㸯ࡘࡣỈ⣲࢖࢜ࣥ࡜ࡋ࡚㐟㞳ࡋࠊ1ࡘࡣ㓟໬ᆺ࡛
࠶ࡿ NAD+ࡢ 4఩ࡢࣆࣜࢪࣥ⎔࡟⛣ࡉࢀࠊ㑏ඖయࡢ NADH࡜࡞ࡿࠋࡇࡢ NADH
ࡣேᕤⓗ㟁Ꮚ࢟ࣕࣜ࢔࣮࡛࠶ࡿ 1-Methoxy PMS(1-Mehyoxy-5-metyl phenazinium 
methtlsulfate)࡟ࡼࡗ࡚㓟໬ᆺࡢ NAD+࡟ᡠࡉࢀࠊ௦ࢃࡾ࡟WST-1ࢆ㑏ඖࡍࡿࡇ࡜
࡟ࡼࡾ㯤ⰍࡢWST-1 formazanࢆ⏕ᡂࡍࡿࠋࡇࡢ formazanࡀỈ࡟㞴⁐࡞⤖ᬗ࡜ࡋ
࡚⣽⬊⾲㠃࡟ᯒฟࡍࡿࡓࡵ࡟ࠊ྾ගᗘ ᐃࡢ๓࡟᭷ᶵ⁐፹࡟ࡼࡿ formazan ࡢ⁐
ゎ᧯సࡀᚲせ࡛࠶ࡿࠋࡑࡢࡓࡵࠊformazanࡢ୙ᆒ୍࡞⁐ゎ࡟ࡼࡿ ᐃㄗᕪࡸ⁐ゎ
๣ࡢ✀㢮࡟ࡼࡿ ᐃἼ㛗࠾ࡼࡧឤᗘࡢኚືࡢၥ㢟ࢆ⏕ࡌࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊWST-
1 assayἲ࡟࠾࠸࡚WST-1 formazanࡣࠊỈ⁐ᛶ࡛࠶ࡾ⁐ゎ᧯సࡀᚲせ࡞࠸ࡓࡵ⡆
౽࡛ ᐃㄗᕪࡀᑡ࡞࠸➼ࡢ≉ᚩࢆᣢࡗ࡚࠸ࡿࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3-4 Reaction scheme of WST-1 with NADH in the presence of 1-methxy PMS 
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96well ࣐ࣝࢳࣉ࣮ࣞࢺ࡟⣽⬊ᠱ⃮ᾮ(5.0×104cells)ࢆ 100μl/well(5.0×103cells)᧛
✀ࡋࠊ24 ᫬㛫ᇵ㣴ࢆ⾜ࡗࡓᚋࠊヨᩱ⁐ᾮࢆ 10μl/wellῧຍࡋ 48 ᫬㛫ᇵ㣴ࢆ⾜ࡗ
ࡓࠋࡉࡽ࡟ࠊCell Couting Kit⁐ᾮ(WST-1, 1-Methoxy PMSΰྜᾮ,ྠே໬Ꮫ◊✲ᡤ)
ࢆ 10μ/wellῧຍࡋࠊ3᫬㛫ᇵ㣴ࢆ⾜ࡗࡓᚋࠊศගගᗘィ(Emax, Molecular Devices 
Co.)ࢆ⏝࠸࡚Ἴ㛗 450nmࡢ྾ගᗘ ᐃࢆ⾜ࡗࡓࠋ 
 ヨᩱ⁐ᾮࢆῧຍࡋࡓࡶࡢࢆ㝧ᛶᑐ↷᳨య࡜ࡋࠊ5%ࣈࢻ࢘⢾⁐ᾮࢆῧຍࡋࡓࡶ
ࡢࢆ㝜ᛶᑐ↷᳨యࠊ⣽⬊ᠱ⃮ᾮࡢࡳࢆࣈࣛࣥࢡ࡜ࡋ࡚౑⏝ࡋࡓࠋ㝧ᛶᑐ↷᳨యࡢ
྾ගᗘ࠿ࡽࣈࣛࣥࢡࢆᘬ࠸ࡓࡶࡢࢆ(AMean)ࠊ㝜ᛶᑐ↷᳨యࡢ྾ගᗘ࠿ࡽࣈࣛࣥࢡ
ࢆᘬ࠸ࡓࡶࡢࢆ(Acontrol)࡜ࡋࠊ⣽⬊ቑṪᢚไ⋡ࡣࡑࡢẚ࡛࠶ࡿ(Amean / Acontrol)×100
࡟ࡼࡾ⟬ฟࡋࡓࠋ50%ቑṪᢚไ⃰ᗘ(IC50 : 50% Inhibitory Concentration)ࡣࠊᚓࡽࢀ
ࡓቑṪᢚไ⋡ࢆ⦪㍈࡟ࠊヨᩱ⁐ᾮࡢ⃰ᗘࢆᶓ㍈࡟ࣉࣟࢵࢺࡋࠊࢩࢢࣔ࢖ࢻ᭤⥺ࡼ
ࡾ⟬ฟࡋࡓࠋ 
 
3-2-9 ࢝ࢫ࣮࣌ࢫ 3, -8, -9άᛶ ᐃ 
 
࢝ࢫ࣮࣌ࢫ-3, -8, -9άᛶࡢ ᐃࡣࠊ࢝ࢫ࣮࣌ࢫ≉␗ⓗ⺯ගᇶ㉁ PhiPhiLuxཬࡧ
CaspaLux(OncoImmunin)ࢆ⏝࠸᳨࡚ウࡋࡓࠋPhiPhiLux ࡣ࢝ࢫ࣮࣌ࢫ-3(Green 
Fluorescence, PhiPhiLux-G1D2)࡟≉␗ⓗ࡞ㄆ㆑㓄ิ(DEVDGI)ࢆ⺯ගⰍ⣲࡛ᶆ㆑ࡋ
ࡓ⺯ගᇶ㉁࡛࠶ࡿࠋ⺯ගⰍ⣲ࡣ஧㔞యࢆᙧᡂࡋ࡚࠾ࡾࠊ࢝ࢫ࣮࣌ࢫ-3 ࡟ࡼࡾᇶ
㉁㓄ิ୰ࡢ GIࡀษ᩿ࡉࢀࡿ࡜ࠊ⺯ගࢆⓎࡍࡿࠋCaspaLuxࢩ࣮ࣜࢬࡣ࢝ࢫ࣮࣌ࢫ
-8 (Green Fluorescence, CaspaLux 8-L1D2)ཬࡧ࢝ࢫ࣮࣌ࢫ-9 (Green Fluorescence, 
CaspaLux 9-M1D2)࡟≉␗ⓗ࡞ㄆ㆑㓄ิ(IETDSG ཬࡧ LEHDG)ࢆ⺯ගⰍ⣲࡛ᶆ㆑
ࡋࡓ⺯ගᇶ㉁࡛࠶ࡿࠋ࢝ࢫ࣮࣌ࢫ-8,-9 ࡟ࡼࡾᇶ㉁㓄ิ୰ࡢ SG ཬࡧ DG ࡀษ᩿
ࡉࢀࡿ࡜ࠊ⺯ගࢆⓎࡍࡿ(Fig.3-5)55-60)ࠋ 
Fig. 3-5 Principle of CaspaLux 
౛) Caspase-ᾈ
LEH DG
CaspaLux®9
LEH DG 
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3-2-10 ⣽⬊⭷⬡㉁ࣛࣇࢺࡢࢡࣛࢫࢱ࣮ᙧᡂほᐹ 
  
㸺CT-Bࣛ࣋ࣝἲ㸼 
ࣄࢺ኱⭠ࡀࢇ(HCT116)⣽⬊(5.0×104 cells/ml)ཬࡧࣄࢺṇᖖ኱⭠(CCD-33Co)⣽
⬊(5.0×104 cells/ml)ࢆ࢞ࣛࢫ࣎ࢺ࣒ࢹ࢕ࢵࢩ࡛ࣗ 24 ᫬㛫ᇵ㣴ࢆ⾜ࡗࡓࠋᇵ㣴ᚋࠊ
PBS(-)࡛ὙίࡋࠊCT-B(10μg/ml)ࢆ 50μl/dish࡛ῧຍᚋࠊị୰࡛ 30ศ㛫ᰁⰍࢆ⾜ࡗ
ࡓࠋᰁⰍᚋࠊPBS(-)࡛Ὑίࢆ⾜࠸ࠊඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡛ほᐹࡋࡓࠋ 
 
3-2-11 ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢస〇 
 
 ື≀ࡣࠊ࣐࢘ࢫ(Balb/c AJcl-nu/nu, 㞤, 5 㐌㱋, ᪥ᮏࢡࣞ࢔)ࢆ౑⏝ࡋࡓࠋᐊ 
24±2°Cࠊ‵ᗘ 55±10%ࠊỈཬࡧ㣵ࡣ࣮࢜ࢺࢡ࣮ࣞࣈ࡟ࡼࡾ⁛⳦ࡋࡓࡶࡢࢆ⮬⏤࡟
ᦤྲྀࡉࡏࡓࠋ 
 ື≀ᐇ㦂ࡣᓫᇛ኱Ꮫ࡟࠾ࡅࡿື≀ᐇ㦂࡟㛵ࡍࡿᣦ㔪ཬࡧ㛵㐃ἲ௧➼ࢆ㑂Ᏺࡋ
ᓫᇛ኱Ꮫື≀ᐇ㦂೔⌮ጤဨ఍ࡢᢎㄆࢆཷࡅࡓᚋ࡟ᐇᆅࡋࡓࠋ 
nude ࣐࢘ࢫࢆ⣽⬊⛣᳜⩣᪥ࡢ⭘⒆ࢧ࢖ࢬࢆࡶ࡜࡟ᒙู㐃⥆↓సⅭἲ࡟ࡼࡾ㸯
⩌ 5 ༉࡛⾜ࡗࡓࠋHCT116 ⣽⬊(3.0×106cells/body)ࢆ࣐࢘ࢫᚋ⫼㒊࡟⓶ୗ⛣᳜
(0.05ml)ࡋࠊ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࢆస〇ࡋࡓࠋ⛣᳜ᚋࡣయ㔜 ᐃཬࡧ୍⯡≧ែ
ほᐹࢆ⾜࠸ࠊ(4-1)ᘧ࡟ࡼࡾ⓶ୗ⭘⒆ࡢ⭘⒆య✚ࢆ⟬ฟࡋホ౯ࡋࡓࠋ 
 
⭘⒆య✚(mm3)=㛗ᚄ(mm)×▷ᚄ(mm)×▷ᚄ(mm)×0.5 (4-1) 
 
3-2-12 ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂 
 
 HCT116⣽⬊ࡣ⏕⌮㣗ሷỈ࡟ᠱ⃮ࡋࠊᠱ⃮ᾮ 0.05mlࢆ 3.0×106cells/body࡜࡞ࡿ
ࡼ࠺࡟࣐࢘ࢫᚋ⫼㒊⓶ୗ࡟᥋✀ࡋࡓࠋ⛣᳜⩣᪥ࡢ⭘⒆ࢧ࢖ࢬࢆࡶ࡜࡟ᒙู㐃⥆
↓సⅭἲ࡟ࡼࡾࠊControl⩌ࠊDMPCᢞ୚⩌ࠊHLᢞ୚⩌ࠊCLᢞ୚⩌ࡢ㸲⩌࡟ศ
ࡅࡓࠋ⩌ศࡅᙜ᪥ࡼࡾヨᩱࢆᑿ㟼⬦࠿ࡽ 10ml/kgᢞ୚ࡋࠊ1᪥ 1ᅇࠊ14᪥㛫ᢞ୚
ࢆ⾜ࡗࡓࠋᢞ୚⤊஢⩣᪥࡟㯞㓉ୗ࡛ゎ๗ࡋࠊ⭘⒆ࡢほᐹཬࡧ⭘⒆㔜㔞ࡢ ᐃࢆ⾜
ࡗࡓࠋ࡞࠾ࠊᢞ୚ᮇ㛫୰ࡢ⭘⒆య✚ࡣ(4-1)ᘧ࡟ᇶ࡙ࡁ⟬ฟࡋࡓࠋ 
 
 
3-2-13 TUNELἲ࡟ࡼࡿ࢔࣏ࢺ࣮ࢩࢫࡢ᳨ฟ 
 
 CLࡢ in vivo࡟࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࡢほᐹࡣࠊTUNELἲࢆ⏝࠸⤌⧊ษ∦
ほᐹ࡟ࡼࡾ⾜ࡗࡓ 61)ࠋ 

 ࢔࣏ࢺ࣮ࢩࢫࡀㄏᑟࡉࢀࡿ࡜ࢾࢡࣞ࢜ࢯ࣮࣒༢఩࡛ࡢ DNA ࡢ᩿∦໬ࡀ㉳ࡇ
ࡾࠊ3’-OH DNAᮎ➃ࡀ⏕ᡂࡉࢀࡿࠋࡇࡢ 3’-OH DNAᮎ➃ࢆࢸࣥࣉ࣮ࣞࢺ࡟౫Ꮡ
ࡏࡎ࡟஧ᮏ㙐DNAศゎ≀ࡢᖹ⁥ᮎ➃ࢆᶆ㆑ྍ⬟࡞TdT(Terminal deoxynucleotidyl 
Transferase)ࢆ㓝⣲࡜ࡋ࡚⏝࠸࡚ࠊࢪࢥ࢟ࢩࢤࢽࣥᶆ㆑ࢾࢡࣞ࢜ࢳࢻࢆ⤖ྜࡉࡏ
ࡓࠋ⤖ྜࡋࡓࢪࢥ࢟ࢩࢤࢽࣥࢆච␿⤌⧊໬Ꮫⓗ࡟ⓎⰍࡉࡏࡿࡇ࡜࡛ࠊ࢔࣏ࢺ࣮ࢩ
ࢫㄏᑟࡋࡓ⣽⬊ࢆ᳨ฟࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋ 
 ᐇ㦂᪉ἲࡣࠊ࣐࢘ࢫ(nude࣐࢘ࢫ, 㞤, 5㐌㱋) ࡢ࣐࢘ࢫᚋ⫼㒊࡟ HCT116⣽⬊
ࢆ⓶ୗ⛣᳜ࡋࠊ⛣᳜⩣᪥ࡼࡾ 14᪥㛫ᢞ୚ࡋࡓࠋᢞ୚⤊஢⩣᪥࡟㯞㓉ୗ࡛⓶ୗ⭘
⒆ࢆ᥇ྲྀࡋࠊ୰ᛶ࣐࣍ࣝࣜࣥ⁐ᾮࢆ⏝࠸࡚⤌⧊ᅛᐃࡋࠊࣃࣛࣇ࢕ࣥษ∦ࢆసᡂࡋ
ࡓࠋࡑࡢᚋࠊ⵨␃Ỉཬࡧ PBS(-)࡛Ὑίࡋࠊࣉࣟࢸ࢔࣮ࢮฎ⌮ཬࡧ㐣㓟໬Ỉ⣲Ỉ࡛
ෆᅉᛶ࣌ࣝ࢜࢟ࢩࢲ࣮ࢮࢆ㝖ཤࡋࡓࠋᶆᮏࢆ PBS(-)࡛Ὑίࡋࠊ 3-3’-
diaminobenzine(DAB)⁐ᾮࢆຍ࠼ᰁⰍࡋࠊࡉࡽ࡟࣓ࢳࣝࢢ࣮ࣜࣥࢆ⏝࠸࡚᰾ࢆᰁ
Ⰽࡋࡓࠋ⤌⧊ษ∦ࡢほᐹࡣ Nikon DS࣓࢝ࣛࢥࣥࢺ࣮ࣟࣝࣘࢽࢵࢺ࡛⾜ࡗࡓࠋ 
 
  

3-3 ⤖ᯝ࡜⪃ᐹ 
 
3-3-1 ࣄࢺ኱⭠ࡀࢇ⣽⬊ࡢ⭷≀ᛶ 
 
⣽⬊⭷ࡢ GM1㔞 ᐃࡢ⤖ᯝࢆ Fig. 3-6࡟♧ࡍࠋṇᖖ኱⭠⣽⬊࡛࠶ࡿ CCD-33Co
⣽⬊࡜ẚ㍑ࡋ࡚ HCT116 ⣽⬊ࡣ CT-Bࡢ㧗࠸⺯ගᙉᗘࡀ ᐃࡉࢀࠊGM1 㔞ࡀከ
࠸ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ 
 ⣽⬊⭷ࡢ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ㔞 ᐃࡢ⤖ᯝࢆ Fig. 3-7࡟♧ࡍࠋCCD-33Co⣽
⬊࡜ẚ㍑ࡋ࡚ HCT116 ⣽⬊ࡣ Annexin-V ࡢ㧗࠸⺯ගᙉᗘࡀ ᐃࡉࢀࠊ⣽⬊እ⭷
ࡢ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ㔞ࡀከ࠸ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ࣮ࣞࢨ࣮ࢻࢵࣉ࣮ࣛἲࢆ⏝࠸ࡓ⣽⬊⭷⾲㠃㟁Ⲵࡢ ᐃࡢ⤖ᯝࢆ Fig. 3-8 ࡟♧
ࡍࠋCCD-33Co⣽⬊࡜ẚ㍑ࡋ࡚ HCT116⣽⬊ࡣ⾲㠃㟁Ⲵࡀపࡃࠊ࢔ࢽ࢜ࣥᛶ࡟Ⲵ
㟁ࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 ௨ୖࡢ⤖ᯝ࠿ࡽࠊCLࡣࡼࡾ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇ࡛࠸ࡿ HCT116⣽⬊࡟ᑐࡋ≉␗
ⓗ࡟㞟✚ࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
  

 
 
 
 
 
 
 
 
  
 
Fig. 3-6 Fluorescent intensity of GM1 for CCD-33Co and HCT116 cells. 
*: p < 0.05 (vs. CCD-33Co cells). 
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Fig. 3-7 Fluorescent intensity of PS for CCD-33Co and HCT116 cells.  
* p < 0.05 (vs. CCD-33Co cells). 
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Fig. 3-8 Zeta potential of HCT116 and CCD-33Co cells. 
* p < 0.05 (vs. CCD-33Co cells). 
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3-3-2 ࣄࢺṇᖖ኱⭠⣽⬊ࡢቑṪ࡟ཬࡰࡍᙳ㡪 
 
HL21 ཬࡧ CL ࡢࣄࢺ኱⭠(CCD-33Co)⣽⬊࡟ᑐࡍࡿ 50%ቑṪᢚไ⃰ᗘ(IC50 : 
50% Inhibitory Concentration) ࡟ࡘ࠸᳨࡚ウࡋࡓࠋ⤖ᯝࢆ Fig.3-9 ~Fig.3-10ࠊTable3-
࡟♧ࡍࠋCCD-33Co⣽⬊࡟ᑐࡍࡿ DMPCࠊHL21ཬࡧ CLࡢ IC50್ࡣࠊHCT116⣽
⬊ࡢ IC50್ 33)࡜ẚ㍑ࡋ࡚㧗࠸್ࢆ♧ࡋࡓࠋ≉࡟ CLࡢ IC50್ࡣ HCT116 ⣽⬊࡜
ẚ㍑ࡋ࡚㸱ಸ௨ୖࡢ㧗࠸್ࢆ♧ࡋࡓࠋ 
 ๓⠇࡟࠾࠸࡚ࠊHCT116⣽⬊ࡣ CCD-33Co⣽⬊࡜ẚ㍑ࡋࠊ⣽⬊⭷⾲㠃ཬࡧ⣽⬊
እ⭷ࡣ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇ࡛࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡲࡓ CLࡣ CCD-33Co⣽
⬊࡟ᑐࡍࡿẘᛶࡀపࡃࠊ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇࡔ HCT116 ⣽⬊࡟ᑐࡋ㑅ᢥⓗ࡟㢧ⴭ
࡞ቑṪᢚไຠᯝࢆ♧ࡍࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 

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Fig. 3-9 Viability of DMPC, HL21 and CL on the growth of CCD-33Co cells 
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Fig. 3-10 50% inhibitory concentration(IC50) of DMPC, HL21 and CL on the growth of 
HCT116 and CCD-33Co cells. Data represent the mean ± S.D. 
* p < 0.05 (vs. CCD-33Co cells.) 
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Table 3-1 50% inhibitory concentration (IC50) of DMPC, HL and CL on the growth of 
HCT116 and CCD-33Co cells. 
 
Sample 
50% inhibitory concentration (mM) 
HCT11633) CCD-33Co 
DMPC [DMPC]=0.497±0.039 [DMPC]=N.D. 
HL21 
[DMPC]=0.364±0.049 
[C12(EO)21]=0.0191±0.0026 
[DMPC]=0.670±0.3763 
[C12(EO)21]=0.035±0.020 
CL 
[DMPC]=0.179±0.01 
[C12(EO)21]=0.010±0.0003 
[2C14ECl]=0.016±0.0005 
[DMPC]=0.667±0.1017 
[C12(EO)21]=0.038±0.0058 
[2C14ECl]=0.0613±0.0094 
Data represent the mean ± S.D. 
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3-3-3 ࣄࢺ኱⭠ࡀࢇ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ 
 
 CL ࡣ኱⭠ࡀࢇ(HCT116)⣽⬊࡟ᑐࡋ࡚࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡍࡿࡇ࡜ࡀ᪤࡟᫂
ࡽ࠿࡜࡞ࡗ࡚࠸ࡿ 34)ࠋ 
CL ࡢ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ PhiPhiLux ཬࡧ CaspaLux ࡟ࡼࡿ
⣽⬊ෆ࢝ࢫ࣮࣌ࢫ-3, 8, 9 άᛶࡢࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹࡋࡓ⤖ᯝ
ࢆ Fig. 3-10࡟♧ࡍࠋ෗┿࠿ࡽ᫂ࡽ࠿࡞ࡼ࠺࡟ࠊHL21ཬࡧ CL࡛ฎ⌮ࡋࡓ⣽⬊࡛
ࡣࠊPhiPhiLuxཬࡧ CaspaLuxࡢ⥳Ⰽ⺯ගࡀほᐹࡉࢀࠊ࢝ࢫ࣮࣌ࢫ-3,-8,-9ࡢάᛶ
ࡀ♧ࡉࢀࡓࠋ 
௨ୖࡢ⤖ᯝ࠿ࡽ CL ࡢ HCT116 ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟࠾࠸࡚࢝ࢫ
࣮࣌ࢫ-3, 8, 9ࡢάᛶ໬ࡀ㛵୚ࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
  

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3-10 Activation of caspase-3, 8, 9 in HCT116 cells after the treatment with CL. 
HL : [DMPC]=11.4mM, [C12(EO)21]=0.60mM. 
CL:[DMPC]=11.4mM,[C12(EO)21]=0.67mM, [2C14ECl]=1.06mM. 
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3-3-4⣽⬊⭷⬡㉁ࣛࣇࢺ࡟ᑐࡍࡿࢡࣛࢫࢱ࣮ᙧᡂ 
 
 CLࡢ HCT116⣽⬊࡟ᑐࡍࡿ⣽⬊⭷⬡㉁ࣛࣇࢺࡢࢡࣛࢫࢱ࣮ᙧᡂ࡟ࡘ࠸᳨࡚ウ
ࡋࡓࠋ⤖ᯝࢆ Fig. 3-11࡟♧ࡍࠋ 
 Control࡛ࡣࠊ⣽⬊⭷ࡣᆒ୍࡛Ᏻᐃࡋࡓ⭷ᵓ㐀ࢆಖࡗ࡚࠸ࡓࠋ୍᪉ࠊHL21 ཬࡧ
CL࡛ࡣ⣽⬊⭷ࡢ୙ᆒ୍໬ࡀࡳࡽࢀࠊ≉࡟CLୗࡣⴭࡋ࠸୙ᆒ୍໬ࡀ☜ㄆࡉࢀࡓࠋ 
 ௨ୖࡢ⤖ᯝࡼࡾࠊCLࡣ HCT116⣽⬊⭷⬡㉁ࣛࣇࢺࡢࢡࣛࢫࢱ࣮ࢆᙧᡂࡍࡿࡇ
࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
  

 
 
 
 
 
 
 
 
Fig. 3-11 Fluorescence micrographs of CT-B-labeled HCT116 cells treated with CL for 
10 min. 
HL : [DMPC]=11.4mM, [C12(EO)21]=0.60mM. 
CL : [DMPC]=11.4mM,[C12(EO)21]=0.67mM, [2C14ECl]=1.06mM. 
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3-3-5 ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ຠᯝ 
 
 CLࡢ in vivo࡟࠾ࡅࡿ἞⒪ຠᯝࢆ᳨ウࡍࡿࡓࡵࠊnude࣐࢘ࢫࢆ⏝࠸࡚ HCT116
⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂ࢆ⾜ࡗࡓࠋᢞ୚ᮇ㛫୰ࡢయ㔜 ᐃ
ࡢ⤖ᯝࢆ Fig. 3-12࡟♧ࡍࠋDMPCᢞ୚⩌ཬࡧ HL21ᢞ୚⩌ࠊCLᢞ୚⩌࡛␗ᖖ࡞
య㔜ኚ໬ࡣぢࡽࢀࡎࠊControl⩌࡜ྠᵝࡢయ㔜᥎⛣࡛⤒᫬ⓗ࡟ቑຍࡋࠊྛヨᩱࡢ
ẘᛶࡣࡳࡽࢀ࡞࠿ࡗࡓࠋ 
 ᢞ୚ᮇ㛫୰ࡢ⭘⒆య✚ ᐃࡢ⤖ᯝࢆ Fig. 3-13,࡟♧ࡍࠋᢞ୚⤊஢⩣᪥ࡢᖹᆒ⭘
⒆య✚ࡣࠊControl⩌ 1097mm3ࠊDMPCᢞ୚⩌ 672mm3ࠊHL21ᢞ୚⩌ 638mm3ࠊ
CLᢞ୚⩌ 263mm3࡜࡞ࡾࠊControl⩌࡜ẚ㍑ࡋ࡚ࠊCLᢞ୚⩌࡛⭘⒆ቑ኱࡟ᑐࡍ
ࡿ᭷ព࡞ᢚไຠᯝࡀ☜ㄆࡉࢀࡓࠋ 
 ᢞ୚⤊஢⩣᪥࡟㯞㓉ୗ࡛ゎ๗ࡋ࡚⭘⒆ほᐹࢆ⾜ࡗࡓ⤖ᯝࢆ Fig. 3-14 ࡟♧ࡍࠋ
⫗║ⓗほᐹ࠿ࡽࠊControl⩌࡟ẚ࡭ࠊCLᢞ୚⩌࡛ࡣ⭘⒆ࡀ⣙ 1/2ࡢ኱ࡁࡉ࡜࡞ࡗ
࡚࠾ࡾࠊ㢧ⴭ࡞἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ⭘⒆㔜㔞ࡢ ᐃ⤖ᯝࢆ Fig. 3-15 ࡟♧ࡍࠋ⭘⒆ࡢᖹᆒ㔜㔞ࡣࠊControl⩌ 0.3gࠊ
DMPCᢞ୚⩌ 0.34gࠊHLᢞ୚⩌ 0.27gࠊCLᢞ୚⩌ 0.1g (p <0.05)࡛࠶ࡾࠊControl
⩌࡜ẚ㍑ࡋ࡚ CLᢞ୚⩌࡛ࡣ 1/ 3࡜࡞ࡿ㢧ⴭ࡞἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ௨ୖࡢࡇ࡜࠿ࡽ CL ࡢ HCT116 ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ຠᯝ
ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
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Fig. 3-12 Body weight change in xenograft model mice treated with CL after 
subcutaneous inoculation of HCT116 cells.  
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Fig. 3-13 Suppression of tumor growth in xenograft model mice treated with CL after the 
inoculation of HCT116 cells. 
* p < 0.05 (vs. CCD-33Co cells.) 
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Fig. 3-14 Photographs of tumor in xenograft model mice treated with CL after the 
inoculation of HCT116 cells. Scale bar㸸1.0 cm 
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Fig.3-15 Tumor weight of xenograft model mice treated with CL after the inoculation of 
HCT116 cells. 
* p < 0.05 (vs. Control.) 
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3-3-6 ࣄࢺ኱⭠ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ 
 
 CL ࡢ in vivo ࡟࠾ࡅࡿ⓶ୗ⭘⒆ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ⭘⒆⤌⧊ࡢ⣽⬊Ṛ࣓࢝
ࢽࢬ࣒࡟ࡘ࠸᳨࡚ウࡋࡓࠋᢞ୚⤊஢⩣᪥࡟ゎ๗࡟ࡼࡾ⓶ୗ⭘⒆ࢆ᥇ྲྀᚋࠊࣃࣛࣇ
࢕ࣥษ∦ࢆస〇ࡋࠊTUNELἲ࡟ࡼࡾ㢧ᚤ㙾ほᐹࢆ⾜ࡗࡓࠋ⤖ᯝࢆ Fig. 3-16࡟♧
ࡍࠋ 
 HL21ᢞ୚⩌࠾ࡼࡧ CLᢞ୚⩌࡟࠾࠸࡚࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋࡓ⣽⬊ࡀぢࡽࢀࠊ
≉࡟ CL࡛ࡣከࡃࡢ࢔࣏ࢺ࣮ࢩࢫ⣽⬊ࡀほᐹࡉࢀࠊin vivo࡟࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫ
ㄏᑟࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ௨ୖࡢ⤖ᯝ࠿ࡽࠊᢸࡀࢇࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ HL21 ࠾ࡼࡧ CL ࡢ἞⒪ຠᯝ
ࡣࠊ࢔࣏ࢺ࣮ࢩࢫㄏᑟࢆక࠺ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
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Fig. 3-16 Micrographs of subcutaneous tumor in xenograft model mice treated with CL 
using TUNEL method. 
Arrow: apoptotic cells. Scale bar㸸0.5cm, ×200. 
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3-4 ⥲ᣓ 
 
ᮏ❶࡛ࡣ 87mol%DMPC/5mol%C12(EO)21/8mol%2C14ECl ࢝ࢳ࣏࢜ࣥࣜࢯ࣮
࣒(CL)ࡢࣄࢺ኱⭠ࡀࢇ(HCT116)⣽⬊࡟ᑐࡍࡿไࡀࢇຠᯝࢆ᳨ウࡋࠊ௨ୗࡢࡼ࠺
࡞⯆࿡῝࠸▱ぢࡀᚓࡽࢀࡓࠋ 
 
1. HCT116⣽⬊ࡣ CCD-33Co⣽⬊࡜ẚ㍑ࡋࠊGM1㔞ཬࡧ PS㔞ࡀከ࠸ࡇ࡜ࡀ
᫂ࡽ࠿࡜࡞ࡾࠊ⣽⬊⭷⾲㠃ࡣ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇ࡛࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ
ࡲࡓ CL ࡣ CCD-33Co ⣽⬊࡟ᑐࡍࡿẘᛶࡀపࡃࠊ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇࡔ
HCT116 ⣽⬊ᑐࡋ㑅ᢥⓗ࡟㢧ⴭ࡞ቑṪᢚไຠᯝࢆ♧ࡍࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ
ࡓࠋ 
 
2. Control࡛ࡣ࢝ࢫ࣮࣌ࢫ-3, 8, 9ࡢάᛶ໬ࢆ♧ࡍ PhiPhiLuxཬࡧ CaspaLux
ࡢ⥳Ⰽ⺯ගࡀほᐹࡉࢀࡎࠊCL ࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣࠊ⥳Ⰽ⺯ගࡀほᐹࡉࢀࠊ
CL ࡢ HCT116 ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟࠾࠸࡚࢝ࢫ࣮࣌ࢫ-3, 8, 9
ࡢάᛶ໬ࡀ㛵୚ࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
3. Control࡛ࡣࠊ⣽⬊⭷ࡣᆒ୍࡛Ᏻᐃࡋࡓ⭷ᵓ㐀ࢆಖࡗ࡚࠸ࡓࠋ୍᪉ࠊHLཬ
ࡧ࢝ࢳ࢜ࣥ HL ࡛ࡣ⣽⬊⭷ࡢ୙ᆒ୍໬ࡀ☜ㄆࡉࢀࠊ≉࡟ CL ࡛ࡣⴭࡋ࠸୙
ᆒ୍໬ࡀࡳࡽࢀࠊCL ࡣ HCT116 ⣽⬊⭷⬡㉁ࣛࣇࢺࡢࢡࣛࢫࢱ࣮ࢆᙧᡂࡍ
ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 
4. ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂࡟࠾࠸࡚ࠊ࣐࢘ࢫࡢ㔜㔞ኚ໬࡛ࡣࠊ
DMPC ᢞ୚⩌ཬࡧ HL ᢞ୚⩌ࠊCL ᢞ୚⩌࡛␗ᖖ࡞య㔜ኚ໬ࡣぢࡽࢀࡎࠊ
Control ⩌࡜ྠᵝࡢయ㔜᥎⛣࡛⤒᫬ⓗ࡟ቑຍࡋࡓࠋࡲࡓࠊ⓶ୗ⭘⒆య✚࡛
ࡣ Control ⩌࡜ẚ㍑ࡋ࡚ࠊCL ᢞ୚⩌࡛᭷ព࡞⭘⒆ቑ኱ࡢᢚไຠᯝࡀ☜ㄆ
ࡉࢀࡓࠋ⫗║ⓗほᐹ࠿ࡽ Control⩌࡟ẚ࡭ࠊCLᢞ୚⩌࡛ࡣ⭘⒆ࡢ኱ࡁࡉࡀ
⣙ 1/2࡜࡞ࡾࠊࡲࡓࠊ⭘⒆㔜㔞࡛ࡣControl⩌࡜ẚ㍑ࡋ࡚CLᢞ୚⩌࡛ࡣ 1/ 
3࡜࡞ࡿ㢧ⴭ࡞἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
5. ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂࡟࠾࠸࡚ࠊTUNEL ᰁⰍ࡟ࡼࡿ⓶
ୗ⭘⒆⤌⧊ษ∦ࡢ⏬ീゎᯒ࠿ࡽࠊCLᢞ୚⩌࡟࠾࠸࡚ከࡃࡢ࢔࣏ࢺ࣮ࢩࢫㄏ
ᑟ⣽⬊ࡀከࡃほᐹࡉࢀࠊin vivo ࡟࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࡀ᫂ࡽ࠿࡜࡞ࡗ
ࡓࠋ 
 
 

௨ୖࡢ⤖ᯝ࠿ࡽ 87mol%DMPC/5mol%C12(EO)21/8mol%2C14ECl ࢝ࢳ࢜ࣥࣜ
࣏ࢯ࣮࣒ࡣࣄࢺṇᖖ኱⭠ (CCD-33Co)⣽⬊࡟ᑐࡋపẘᛶ࡛ࠊࣄࢺ኱⭠ࡀࢇ
(HCT116)⣽⬊࡟ᑐࡋ㧗࠸ቑṪᢚไຠᯝࢆ♧ࡋࡓࠋ኱⭠ࡀࢇ⣽⬊࡟ᑐࡍࡿ CL ࡢ
࢔࣏ࢺ࣮ࢩࢫ⤒㊰ࡣࠊ࣑ࢺࢥࣥࢻࣜ࢔ࢆ௓ࡋ࡚࢝ࢫ࣮࣌ࢫ-9, 3 ࢆάᛶ໬ࡍࡿ⤒
㊰ࠊ࢝ࢫ࣮࣌ࢫ-8, 9, 3,ࢆάᛶ໬ࡍࡿ⤒㊰ࢆ᫂ࡽ࠿࡟ࡋࡓࠋṇᖖ኱⭠⣽⬊࡜ẚ㍑
ࡋ࡚ࠊ኱⭠ࡀࢇࡣ⣽⬊⾲㠃ཬࡧ⣽⬊እ⭷ࡀ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇ࡛ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜
࡞ࡾࠊCLࡣ኱⭠ࡀࢇ⣽⬊࡟㑅ᢥⓗ࡟⼥ྜ࣭⵳✚ࡋ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋࡓ࡜⪃
࠼ࡽࢀࡿࠋࡲࡓࠊin vivo࡟࠾࠸࡚ࣄࢺ኱⭠ࡀࢇ(HCT116)⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ
࢘ࢫ࡟ᑐࡋ࡚࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋࠊ἞⒪ຠᯝࢆ♧ࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ
ࡓࠋ 

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➨ 4❶ ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿไࡀࢇຠᯝ 
 
4-1 ᗎ 
 
 ⮅⮚ࡀࢇࡢ⨯ᝈ⋡ࡣ 60ṓ㡭࠿ࡽቑຍࡋ࡚࠸ࡁࠊ㧗㱋࡟࡞ࡿ࡟ࡘࢀ࡚㧗ࡃ࡞ࡿࠋ
ࡉࡽ࡟ࠊ⮅⮚ࡀࢇࡢṚஸ⋡ࡣ 1980ᖺ௦ᚋ༙ࡲ࡛ቑຍࡋࠊ1990ᖺ௨㝆ࡣ⦆ࡸ࠿࡟
ቑຍࡍࡿഴྥ࡟࠶ࡾࠊ⏨ዪู࡛ࡳࡓṚஸ⋡ࡣࠊ⏨ᛶࡢ᪉ࡀ㧗ࡃࠊዪᛶࡢ⣙ 1.6ಸ
࡜࡞ࡗ࡚࠸ࡿࠋ⨯ᝈᩘ࡜Ṛஸᩘࡣ࡯ࡰ➼ࡋࡃࠊ⨯ᝈ⪅ࡣ⏕Ꮡ⋡ࡢపࡉ࡜㛵㐃ࡋ࡚
࠸ࡿࠋ⮅⮚ࡀࢇࢆ㉳ࡇࡍ༴㝤ᅉᏊ࡜ࡋ࡚ࡣ⢾ᒀ⑓ࠊ៏ᛶ⮅⅖ࠊ⫧‶ࠊႚ↮ࡀᣲࡆ
ࡽࢀ࡚࠸ࡿࠋࡇࡢ୰࡛ࡶႚ↮ࡣ☜❧ࡋࡓ༴㝤ᅉᏊ࡛࠶ࡿࠋ 
 ⮅⮚ࡣయࡢ῝㒊࡟఩⨨ࡋࠊ⫶ࡸ⫢⮚ࠊ⫹ࡢ࠺ࠊ⭁⮚࡟ᅖࡲࢀ࡚࠸ࡿࡓࡵࠊࡀࢇ
ࡀⓎ⏕ࡋ࡚ࡶぢࡘࡅࡿࡢࡀ㠀ᖖ࡟㞴ࡋࡃࠊ᪩࠸ẁ㝵࡛ࡢ⮬ぬ⑕≧ࡶ࡞࠸ࡓࡵࠊ኱
⭠ࡀࢇࡸ⫶ࡀࢇࡢࡼ࠺࡟᪩ᮇࡢ࠺ࡕ࡟Ⓨぢࡀ㞴ࡋ࠸࡜ࡉࢀ࡚࠸ࡿࠋ⮅⮚ࡀࢇࡀ
Ⓨぢࡉࢀࡓ᫬࡟ࡣࡍ࡛࡟㐍⾜ࡋ࡚࠸ࡿࡇ࡜ࡀከ࠸ࠋ 
 ⮅⮚ࡀࢇࡣⓎぢࡉࢀࡓẁ㝵࡛ࡢ㐍⾜ලྜ࡟ࡼࡗ࡚ࢫࢸ࣮ࢪࡀศࡅࡽࢀࡿࠋඛ
࡯࡝㏙࡭ࡓࡼ࠺࡟ึᮇ⑕≧࡟ஈࡋ࠸ࡓࡵ࡯࡜ࢇ࡝ࡢሙྜࠊ௚ࡢ⮚ჾ࡬ࡢ㌿⛣ࡋ
࡚࠾ࡾࠊࢫࢸ࣮ࢪϩ௨㝆࡛Ⓨぢࡉࢀࡿࠋ 
⮅⮚ࡀࢇࡢ἞⒪ࡣᡭ⾡࡟ࡼࡿษ㝖ࡀྍ⬟࡞ࢫࢸ࣮ࢪ 1, 2࡛ࡣᡭ⾡ࢆ⾜࠺ 62)ࡀࠊ
⫢⮚ࡸ⫵࡞࡝࡬ࡢ㌿⛣ࡸ⾑⟶࡬ࡀࢇࡀᗈࡀࡗ࡚࠸ࡿࡇ࡜ࡀከ࠸ࡓࡵࠊࡍ࡛࡟ᡭ
⾡୙ྍ⬟࡛࠶ࡿࠋࡑࡢࡓࡵࠊᨺᑕ⥺⒪ἲ࡜⸆≀⒪ἲࢆే⏝ࡍࡿ⒪ἲࡀᶆ‽἞⒪ࡢ
1 ࡘ࡜ࡉࢀ࡚࠸ࡿࠋ⸆≀⒪ἲ࡛ࡣࠊ5-ࣇࣝ࢜ࣟ࢘ࣛࢩࣝ (5-FU)ࢆ⏝࠸ࡓ
FOLFRINOX⒪ἲࡸࢤ࣒ࢩࢱࣅࣥሷ㓟ሷ༢๣἞⒪࡞࡝ࡀᣲࡆࡽࢀࡿࠋࢤ࣒ࢩࢱࣅ
ࣥሷ㓟ሷࡣࠊ㐍⾜࠾ࡼࡧ෌Ⓨࡋࡓ⮅⮚ࡀࢇ࡟ᑐࡋึࠊ ࡵ࡚ᘏ࿨ຠᯝࡀド᫂ࡉࢀࡓ
ᢠࡀࢇ๣࡛ࠊ5-FUࢆ⏝࠸ࡓ⤖ᯝࡼࡾࢤ࣒ࢩࢱࣅࣥሷ㓟ሷࢆ⏝࠸ࡓ⒪ἲ࡛ࡣ⏕Ꮡ
⋡ࡀ㧗࠸ࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 63-65)ࠋࡉࡽ࡟ࠊ࢚ࣝࣟࢳࢽࣈ࡜ࢤ࣒ࢩࢱࣅࣥሷ㓟
ሷࢆే⏝ࡋ࡚⾜࠺἞⒪ࡶ⏕Ꮡᮇ㛫ࡢᘏ㛗ࡀᚓࡽࢀ࡚࠸ࡿ 66)ࠋࡋ࠿ࡋࠊ໬Ꮫ⒪ἲ
࡟ࡣ㔜⠜࡞๪స⏝ 67)ࡀ࠶ࡾࠊే⏝ࡍࡿ⤌ࡳྜࢃࡏ࡟ࡼࡗ࡚ࡣࠊ༢⊂࡛౑⏝ࡍࡿ
ሙྜࡼࡾࡶᙉ࠸๪స⏝ 68)ࡀ࡛ࡿࡇ࡜ࡀၥ㢟࡜࡞ࡗ࡚࠸ࡿࡓࡵࠊ๪స⏝ࡢ࡞࠸ᢠ
ࡀࢇ๣ࡀồࡵࡽࢀ࡚࠸ࡿࠋ 
 ᮏ❶࡛ࡣࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ CA19-9 ࢆ⭘⒆࣐࣮࣮࢝࡜ࡍࡿ⮅⮚ࡀࢇ἞
⒪࡬ࡢᛂ⏝ࢆ┠ⓗ࡜ࡋࠊࣜࣥ⬡㉁(DMPC)ࠊPEG ⣔⏺㠃άᛶ๣(C12(EO)21)࠾ࡼ
ࡧ࢝ࢳ࢜ࣥᛶ⬡㉁ (2C14ECl)࠿ࡽ࡞ࡿ 87mol%DMPC/ 5mol%C12(EO)21/ 
8mol%2C14ECl ࠿ࡽᡂࡿ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐ
ࡍࡿไࡀࢇ࣓࢝ࢽࢬ࣒࠾ࡼࡧ㌿⛣࣭ᾐ₶ᢚไຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓࠋ 
  

4-2 ᐇ㦂 
 
4-2-1 ヨᩱ 
 
 ࣜࣥ⬡㉁(DMPC)ࠊ⏺㠃άᛶ๣(C12(EO)21)࠾ࡼࡧ࢝ࢳ࢜ࣥᛶ⬡㉁(2C14ECl)ࡣ 2-
2-1࡜ྠᵝࡢࡶࡢࢆ౑⏝ࡋࡓࠋ 
 
㸺⺯ගᶆ㆑⬡㉁㸼 
1-palmitoyl-2-[12[(7-nitro-2-1,3-benzoxadiazol-4-yl)amino]dodecanoyl]-sn-glycero-
3-phosphatidylcholine (NBDPC)ࡣࠊᕷ㈍ရ(Mw=856.05ࠊAvanti Polar Lipids)ࢆࡑࡢ
ࡲࡲ౑⏝ࡋࡓࠋ 
௨ୗ࡟ᵓ㐀ᘧࢆ♧ࡍ 
 
NBDPC 
 
 
 
 
4-2-2 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇 
 
 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇ࡣ 2-2-3࡜ྠᵝࡢ᪉ἲ࡛⾜ࡗࡓࠋ 
 
4-2-3 ⺯ග⬡㉁ྵ᭷࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇 
 
 ⺯ග⬡㉁ྵ᭷࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡣࠊࣜࣥ⬡㉁(DMPC)ࠊ⏺㠃άᛶ๣(C12(EO)21)ࠊ
࢝ࢳ࢜ࣥᛶ⬡㉁(2C14ECl)࠾ࡼࡧ⺯ගᶆ㆑⬡㉁(NBDPC)ࢆ 83㸸5㸸8㸸4ࡢ๭ྜ࡛⢭
⛗ࡋࠊ5%ࣈࢻ࢘⢾⁐ᾮ(኱ሯ〇⸆)୰࡛ࣂࢫᆺ㉸㡢Ἴ↷ᑕჾ(WT-200-Mࠊᮏከ㟁Ꮚ
ᰴᘧ఍♫)ࢆ⏝࠸࡚ࠊ❅⣲㞺ᅖẼୗ࡛㉸㡢Ἴ↷ᑕ(45°C,1ml/min)ࢆ⾜࠸ࠊᚓࡽࢀࡓ
O
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
ᆒ୍࡞⁐ᾮࢆ࣓ࣥࣈࣞࣥࣇ࢕ࣝࢱ࣮(Ꮝᚄ 0.20μm, ࢭ࣮ࣝࣟࢫ࢔ࢭࢸ࣮ࢺᮦ
㉁:13CP020AS, ADVANTEC)࡛ℐ㐣⁛⳦ࡋ࡚ヨᩱ⁐ᾮ࡜ࡋࡓࠋ 
 
 
 
 
 
 
Fig. 4-1 Schematic representation of cationic liposomes including NBDPC. 
 
 
4-2-4 ౑⏝⣽⬊ 
 
 ࣄࢺ⮅⮚ࡀࢇ(BxPC-3 : CRL1687)⣽⬊ࡣ⾜ၟࣇ࢓࣮࣐࢖ࣥࢱ࣮ࢼࢩࣙࢼࣝᰴᘧ
఍♫ (ATCC)ࡼࡾ㉎ධࡋࡓࡶࡢࢆ౑⏝ࡋࡓࠋRPMI1640(Gibco BRL)+10% fetal 
bovine serum(FBS : HyClone Laboratories Inc.)ࢆᇵ㣴ᇵᆅ࡜ࡋ࡚⏝࠸ࠊ37°Cࠊ‵ᗘ
95㸣ࠊCO2⃰ᗘ 5㸣ࡢ᮲௳࡛ᇵ㣴ࢆ⾜ࡗࡓࠋ 
 
4-2-5 ࣛࢵࢺ⏤᮶ṇᖖ⮅⮚⣽⬊ࡢ᥇ྲྀ 
 
 ࣛࢵࢺ⏤᮶ṇᖖ⮅⮚⣽⬊ࡣࠊࣛࢵࢺ(Jcl : Wistarࠊ㞝ࠊ᪥ᮏࢡࣞ࢔)ࡢ⥲⫹⟶ࡼ
ࡾࢥࣛࢤࢼ࣮ࢮࢆὀධࡋࡓᚋ࡟ࠊ⮅⮚ࢆ᦬ฟࡋࠊࢥࣛࢤࢼ࣮ࢮ⁐ᾮ୰࡛᣺┞ᇵ㣴
ࢆ⾜ࡗࡓᚋࡣࡉࡳࢆ⏝࠸࡚⣽࠿ࡃࡋࡓࠋࡑࡢᚋࠊ70μmࢼ࢖ࣟࣥࢭࣝࢫࢺࣞ࢖ࢼ
࣮(BD Falcon™)ࢆ㏻ࡋࠊ10㸣FBSྵ᭷ RPMIᇵᆅ࡛ᇵ㣴ࡋࡓ 69)ࠋ 
 
4-2-6 ⣽⬊⭷ࡢ࢞ࣥࢢࣜ࢜ࢩࢻ㔞 ᐃ 
 
 ࣄࢺ⮅⮚⣽⬊ࡢ࢞ࣥࢢࣜ࢜ࢩ(GM1)㔞ࢆ 3-2-5࡜ྠᵝࡢ᪉ἲ࡛ ᐃࡋࡓࠋ 
 ࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊ཬࡧࣛࢵࢺ⏤᮶ṇᖖ⮅⮚⣽⬊(5.0×104 cells/ ml)ࢆ᧛
✀ᚋ 24᫬㛫ᇵ㣴ࡋࡓࠋࡑࡢᚋࠊCell Scraper࡛ᅇ཰ࡋ PBS(-)࡛ὙίࠊCholera toxin-
B subunit(10μg/ ml, life technologies)ࢆ 50 μlῧຍᚋࠊị୰࡛ 30ศᰁⰍࢆ⾜ࡗࡓࠋ
ᰁⰍᚋࠊPBS(-)࡛Ὑίࡋࡓࡢࡕࠊࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮ࢆ⏝࠸࡚ ᐃࡋࡓࠋ 
 
 
 
 
Sonication 
DMPC C12(EO)21 2C14ECl NBDPC 

4-2-7 ⣽⬊⭷ࡢ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ㔞ࡢ ᐃ 
 
 ࣄࢺ⮅⮚⣽⬊ࡢ PS㔞ࢆ 3-2-6࡜ྠᵝࡢ᪉ἲ࡛ ᐃࡋࡓࠋ 
 ࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊ཬࡧࣛࢵࢺ⏤᮶ṇᖖ⮅⮚⣽⬊ࢆ᧛✀(5.0×104 cells/ 
ml)ᚋࠊ24 ᫬㛫๓ᇵ㣴ࢆ⾜ࡗࡓࠋᇵ㣴ᚋࠊ⣽⬊ࢆ Accutase(Innovative Cell 
Technologies inc.)ࢆ⏝࠸࡚⣽⬊ࢆ๤㞳ࡉࡏ㐲ᚰศ㞳(3000 rpm/ 5min, 4 °C)ࢆ⾜࠸
Ὑί(PBS(-) 2 ml)ࡋࡓࠋࡑࡢᚋ Incubation buffer(Annexin-V-FLUOS Staining Kit, 
Roche Diagnostics K.K.)࡛ᕼ㔘ࡋࡓ Annexin- V(Incubation buffer : Annexin- V =50 : 
1)ࢆ 100 μlῧຍࡋࠊᬯᡤ࣭ ෭ᡤ࡛ 30ศ㛫ᰁⰍࢆ⾜ࡗࡓୖࠋ ⃈ࡳࢆ㝖ཤࡋࡓࡢࡕࠊ
500 μlࡢ Incubation bufferࢆຍ࠼࡚ᠱ⃮ࡋࠊࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮ࢆ⏝࠸࡚⺯ග
ᙉᗘࡢ ᐃࢆ⾜ࡗࡓࠋ⺯ගᙉᗘ࠿ࡽ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ(PS)㔞ࢆ⟬ฟࡋࡓࠋ 
 
 
4-2-8 ࣮ࣞࢨ࣮ࢻࢵࣉ࣮ࣛἲ࡟ࡼࡿ⣽⬊⭷⾲㠃㟁Ⲵࡢ ᐃ 
 
 ⣽⬊⭷⾲㠃㟁Ⲵ࡜ࡋ࡚⣽⬊ࡢࢮ࣮ࢱ㟁఩ࡢ᳨ウࢆ 3-2-7 ࡜ྠᵝࡢ᪉ἲ࡛ ᐃ
ࡋࡓࠋ 
ࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊ཬࡧࣛࢵࢺ⏤᮶ṇᖖ⮅⮚⣽⬊ࢆ᧛✀(5.0×104cells/m 
l)ᚋࠊ24᫬㛫๓ᇵ㣴ࢆ⾜ࡗࡓࠋᇵ㣴ᚋࠊ⣽⬊ࢆᅇ཰ࠊ࣮ࣞࢨ࣮ࢮ࣮ࢱ㟁఩ィࢆ
⏝࠸࡚ࢮ࣮ࢱ㟁఩ࢆ ᐃࡋࡓࠋࡲࡓࠊCLࡀ⣽⬊⭷࡬࡜୚࠼ࡿᙳ㡪ࢆㄪ࡭ࡿࡓ
ࡵ࡟ࠊ⮅⮚ࡀࢇ⣽⬊࡟ CLࢆῧຍࡋࠊ1,3᫬㛫ᚋࡢࢮ࣮ࢱ㟁఩ࡢ ᐃࢆ⾜ࡗࡓࠋ 
 
4-2-9 㓝⣲άᛶ ᐃἲ࡟ࡼࡿ 50㸣ቑṪᢚไ⃰ᗘࡢ ᐃ 
 
 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿቑṪᢚไຠᯝࡣࠊ3-2-8࡜ྠᵝࡢ
WST-1 assay࡟ࡼࡾホ౯ࡋࡓࠋ 
96well ࣐ࣝࢳࣉ࣮ࣞࢺ࡟⮅⮚ࡀࢇ⣽⬊࠾ࡼࡧṇᖖ⮅⮚⣽ ⬊ࢆ᧛✀
(5.0×103cells/well)ࡋࠊ24᫬㛫๓ᇵ㣴ࢆ⾜ࡗࡓࠋࡑࡢᚋࠊヨᩱࢆ 10μLῧຍࡋࠊ48
᫬㛫ᇵ㣴ࠋᇵ㣴ᚋWST-1ࢆ 10μl/wellῧຍࡋࠊ3᫬㛫࿊Ⰽ཯ᛂࢆ⾜ࡗࡓࠋ࿊Ⰽ཯
ᛂᚋࠊ࣐࢖ࢡࣟࣉ࣮ࣞࢺ࣮ࣜࢲ࣮(EmaxࠊMolecular Devices Co.)ࢆ⏝࠸࡚ 450nm
ࡢ྾ගᗘࢆ ᐃࡋࡓࠋ⣽⬊ቑṪᢚไຠᯝࡣヨᩱࢆῧຍࡋࡓሙྜࡢ྾ගᗘ(AMean)࡜
ࢥࣥࢺ࣮ࣟࣝࡢ྾ගᗘ(AControl)ࡢẚ(AMean)/ (AControl)ࡼࡾホ౯ࡋࡓࠋ50㸣ቑṪᢚไ
⃰ᗘ(IC50 : 50% Inhibitory Concentration)ࡣᚓࡽࢀࡓቑṪᢚไ⋡ࢆ⦪㍈࡟ࠊヨᩱ⁐
ᾮࡢ⃰ᗘࢆᶓ㍈࡟ࣉࣟࢵࢺࡋࠊ⣽⬊ቑṪࢆ 50㸣ᢚไࡋࡓ⃰ᗘࢆồࡵࡓࠋ 
 
 

4-2-10 ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿ⼥ྜ࣭⵳✚ 
 
 ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ⼥ྜ࣭⵳✚ࢆࠊ⺯ගᶆ㆑⬡㉁
(NBDPC)ྵ᭷࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࢆ⏝࠸࡚ಽ❧ᆺ⺯ග㢧ᚤ㙾(EVOSࠊAdvanced 
microscopy group)࠾ࡼࡧඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡟᳨࡚ウࡋࡓࠋ 
 BxPC-3⣽⬊ࢆ᧛✀(5.0×104cells/ ml)ࡋࠊ24᫬㛫๓ᇵ㣴ࡋࡓࠋヨᩱࢆῧຍࡋࠊ1ࠊ
2ࠊ3᫬㛫ᚋࡢ⺯ගࢆほᐹࡋࡓࠋඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡛ࡣヨᩱῧຍᚋ࠿ࡽ 30ศ
࠾ࡁ࡟ほᐹࡋࡓࠋṇᖖ⮅⮚⣽⬊࡟㛵ࡋ࡚ࡶྠᵝࡢᐇ㦂ࢆᐇ᪋ࡋࡓࠋ 
 
4-2-11  TUNELἲ࡟ࡼࡿ࢔࣏ࢺ࣮ࢩࢫࡢ᳨ฟ  
 
 ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ࢔࣏ࢺ࣮ࢩࢫㄏᑟࢆ TUNEL 
assay70,71)࡟ࡼࡗ࡚ホ౯ࡋࡓࠋ 
 TUNEL assayࡣࠊ⣽⬊ࡀ࢔࣏ࢺ࣮ࢩࢫࡍࡿ㝿࡟⏕ࡌࡿ᩿∦໬ DNAࢆ᳨ฟࡍࡿ
᪉ἲ࡛࠶ࡿࠋ࢔࣏ࢺ࣮ࢩࢫࡀㄏᑟࡉࢀࡿ࡜࢚ࣥࢻࢾࢡࣞ࢔࣮ࢮάᛶ࡟ࡼࡗ࡚ࢾ
ࢡࣞ࢜ࢯ࣮࣒༢఩࡛ DNA ᩿∦໬ࡀ㉳ࡇࡿࠋࡑࡇ࡛⏕ࡌࡓ double-stranded-break
ࡢ 3`-OH DNAᮎ➃࡟ TdTࢆ⏝࠸࡚ dUTPࢆ௜ຍࡍࡿࠋdUTPࢆ௜ຍࡉࡏ࡚࡛ࡁ
ࡓࣅ࢜ࢳࣥ໬ DNA ఙ㛗㙐࡟࣌ࣝ࢜࢟ࢩࢲ࣮ࢮᶆ㆑ࢫࢺࣞࣉࢺ࣐࢖ࢩࣥࢆ⤖ྜ
ࡉࡏ㐣㓟໬Ỉ⣲࡜ࢪ࢔࣑ࣀ࣋ࣥࢳࢪ࡛ࣥⓎⰍࡉࡏࡓࡶࡢࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ
㙾࡟ࡼࡗ࡚ほᐹࡋࡓࠋ 
⮅⮚ࡀࢇ(BxPC-3)⣽⬊ࢆ glass bottom dish࡟᧛✀(5.0×104cells/ ml)ࡋ 24᫬㛫๓
ᇵ㣴ࡋࡓࠋࡑࡢᚋࠋྛヨᩱࢆῧຍࡋࠊࡉࡽ࡟ 48᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴⤊஢ᚋࠊ࣍
࣐ࣝࣜࣥࢆ 1mlῧຍࡋࠊᐊ ࡛ 30ศᅛᐃࠋࡑࡢᚋࠊ࣐࣍ࣝࣜࣥࢆ㝖ཤࡋ PBS(-)1ml
࡛ὙίࡋࡓࠋὙίᚋࠊᾐ㏱໬⁐ᾮ(0.1%ࢡ࢚ࣥ㓟ᾐ㏱໬⁐ᾮ(0.1%Triton-X))1mlࢆ
ῧຍࠊ㐽ගࡋ 4°C࡛ 2ศ㛫ฎ⌮ࡋࡓࠋฎ⌮ᚋࠊPBS(-)࡛ὙίࠊPositive Control࡟
ࡣ DNaseⅠ⁐ᾮ 50μlࢆຍ࠼ࠊᐊ ࡛ 10ศ㛫ฎ⌮ࠋPBS(-)࡛ὙίࡋࠊNegative ௨እ
࡟ TUNEL཯ᛂΰྜᾮ 50μlࠊNegative࡟ࡣ㓝⣲ࢆྵࡲ࡞࠸ TUNEL཯ᛂᾮࢆຍ࠼
60ศ㛫 37°C࡛ᇵ㣴ࡋࡓࠋࡑࡢᚋὙίࠊTO-PRO-3 100μlࢆῧຍࠊ㐽ගࡋ 20ศฎ
⌮ࡋࡓࠋὙίࡋ࡚ PBS(-)ࢆ 1mlຍ࠼ඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡛ほᐹࡋࡓࠋග※࡟
ࡣ Ar࣮ࣞࢨ࣮(488nm)࡜ He-Ne࣮ࣞࢨ࣮(633nm)ࢆ౑⏝ࡋࠊ୍ᐃἼ㛗㡿ᇦ(FITC : 
500~550nm, TO-PRO-3 : 640~700nm)ࡢ⠊ᅖ࡛⺯ගほᐹࢆ⾜ࡗࡓࠋ 
 
4-2-12 ࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮࡟ࡼࡿ DNAྵ㔞 ᐃ 
 
Propidium Iodide(PI)ࡣࠊDNA ࡢ஧ᮏ㙐࡟ᯫᶫⓗ࡟⤖ྜࡍࡿࡇ࡜࡟ࡼࡾ⺯ගᙉ
ᗘࡀ࠾ࡼࡑ 10 ಸ࡟ቑᙉࡍࡿࠋࡼࡗ࡚ DNA㔞࡟ẚ౛ࡋ࡚⤖ྜࡍࡿࡇ࡜࠿ࡽࠊ⺯

ග㔞ࢆࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮࡛ ᐃࡍࡿࡇ࡜࡛ࠊ⣽⬊࿘ᮇࡢゎᯒࢆ⾜࠺ࡇ࡜ࡀ
࡛ࡁࡿࠋ࢔࣏ࢺ࣮ࢩࢫ࡟ࡼࡗ࡚ DNA ࡢ᩿∦໬ࡀ㉳ࡇࡿ࡜ࠊDNA 㔞ࡀపୗࡍࡿ
ࡓࡵ G1ᮇࡢ⣽⬊ࡼࡾࡶప࠸⺯ගᙉᗘࢆ♧ࡍࡓࡵࠊ࢔࣏ࢺ࣮ࢩࢫ⣽⬊ࢆ ᐃࡍࡿ
ࡇ࡜ࡀ࡛ࡁࡿࠋPI assayࡣ TUNEL assay࡜ྠᵝ࡟᩿∦໬ࡋࡓ DNAࢆ᳨ฟࡍࡿ᪉
ἲ࡛࠶ࡿ 72)ࠋ 
 BxPC-3 ⣽⬊ࢆ 35mmᇵ㣴ࣇࣛࢫࢥ࡟᧛✀(5.0×104cells/ ml)ࡋࠊ24 ᫬㛫๓ᇵ㣴
ࡋࡓࠋᇵ㣴ᚋࠊྛヨᩱࢆῧຍࡋࠊࡉࡽ࡟ 48 ᫬㛫ᇵ㣴ࡋࡓࠋ48 ᫬㛫ᚋ Triton X-
100ࠊRNaseࠊPBS(-)ࢆῧຍࡋࠊ࠶ࡽ࠿ࡌࡵ PIࢆศὀࡋ࡚࠾࠸ࡓࢸࢫࢺࢳ࣮ࣗࣈ
࡟ࢼ࢖࣓ࣟࣥࢵࢩࣗࢆ㏻ࡋࡓ⣽⬊ᠱ⃮ᾮࢆ࠸ࢀࠊヨᩱ࡜ࡋࡓࠋ 
 
 
 
 
 
 
 
 
Propidium Iodide(PI) 
4-2-13 ࢝ࢫ࣮࣌ࢫάᛶࡢほᐹ 
 
 ࢝ࢫ࣮࣌ࢫ-3, -8, -9ࡢάᛶࡢほᐹࡣࠊ3-2-9࡜ྠᵝࡢཎ⌮࡛⾜ࡗࡓࠋ 
BxPC-3⣽⬊ࢆ grass bottom dish࡟᧛✀(5.0×104cells/ ml)ࡋࠊ24᫬㛫๓ᇵ㣴ࡋࡓࠋ
ᇵ㣴ᚋࠊྛヨᩱࢆῧຍࡋࠊࡉࡽ࡟ 48 ᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴⤊஢ᚋ 10㸣FBS ྵ᭷
PhiPhiLuxཬࡧ CaspaLuxࢆῧຍࡋࠊ1᫬㛫࢖࣮ࣥ࢟ࣗ࣋ࢺᚋࠊPBS(-)࡛Ὑίࡋࡓ
ࡶࡢࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡟ࡼࡗ࡚ほᐹࡋࡓࠋ 
 
4-2-14 ࣑ࢺࢥࣥࢻࣜ࢔⭷㟁఩ࡢ ᐃ 
 
 CLࡢ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟࠾࠸࡚࣑ࢺࢥࣥࢻࣜ࢔ࡢ㛵୚
ࢆ᳨ウࡍࡿࡓࡵ࡟ࠊ3,3'-Dihexyloxacarbocyanine Iodide(DiOC6 (3))ࢆ⏝࠸ࡓ࣑ࢺࢥ
ࣥࢻࣜ࢔⭷㟁఩ࢆ ᐃࡋࡓࠋ 
DiOC6(3)ࡣ㝧㟁໬ࢆ᭷ࡋ࡚࠸࡚ࠊ㟁఩ኚ໬࡟ࡼࡾ⺯ගᙉᗘࡀኚ໬ࡍࡿ⭷㟁఩ឤ
ཷᛶⰍ⣲࡛ࠊ࣑ࢺࢥࣥࢻࣜ࢔⭷࡟⤖ྜࡍࡿࡇ࡜࡛ࠊࡑࡢ㟁఩࡟ࡼࡾ⺯ගᙉᗘࡀ 10
ಸ๓ᚋቑᙉࡍࡿࠋࡇࡢ⺯ගࢆ ᐃࡍࡿࡇ࡜࡛࣑ࢺࢥࣥࢻࣜ࢔ࡢ⭷㟁఩ࡢኚ໬ࢆ
ィ ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ 73)ࠋ⣽⬊࡟⣸እ⥺ࡸᨺᑕ⥺࡜࠸ࡗࡓࢫࢺࣞࢫࡀ୚࠼ࡽࢀ
ࡿ࡜࢔࣏ࢺ࣮ࢩࢫಁ㐍ᅉᏊࢱࣥࣃࢡ㉁࡟ࡼࡾࠊ࣑ࢺࢥࣥࢻࣜ࢔࠿ࡽࢩࢺࢡ࣒ࣟ c
H2N 
N + 
NH2 
N + I - 
I - 

ࡀᨺฟࡉࢀࡿࠋᨺฟࡉࢀࡓࢩࢺࢡ࣒ࣟ cࡣ࢝ࢫ࣮࣌ࢫࢆάᛶ໬ࡋࠊ࢔࣏ࢺ࣮ࢩࢫ
࡟≉␗࡞᰾ኚ໬ࢆㄏᑟࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿࠋ㟁Ꮚఏ㐩⣔࡟࠿࠿ࢃࡿ
ࢩࢺࢡ࣒ࣟ cࡀᨺฟࡉࢀࡿࡇ࡜࡟ࡼࡗ࡚ࠊ㟁Ꮚఏ㐩⣔ࡀ኱ࡁࡃኚ໬ࡋࠊ㏻ᖖ㈇࡟
㟁Ⲵࡋ࡚࠸ࡿ⭷㟁఩ࡀኻࢃࢀࡿࠋDiOC6(3)ࡢ⺯ගᙉᗘࢆ ᐃࡍࡿࡇ࡜࡛ࠊ㛫᥋ⓗ
࡟࣑ࢺࢥࣥࢻࣜ࢔ࡀάᛶ໬ࢆ▱ࡿࡇ࡜ࡀ࡛ࡁࡿࠋ 
BxPC-3⣽⬊ࢆ 100mm dish࡟᧛✀(5.0×104cells/ ml)ࡋࠊ24᫬㛫๓ᇵ㣴ࡋࡓࠋᇵ
㣴ᚋࠊྛヨᩱࢆῧຍࡋࠊࡉࡽ࡟ 48 ᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴⤊஢ 30 ศ๓࡟ PBS(-)࡛
9:1 ࡟ᕼ㔘ࡋࡓ DiOC6(3)ࢆῧຍࠊ48 ᫬㛫⤒㐣ࡋࡓ᫬Ⅼ࡛ᇵᆅࢆ㝖ཤࡋ⣽⬊ࢆᅇ
཰ࡋࡓࠋᅇ཰ࡋࡓ⣽⬊ࢆࢼ࢖࣓ࣟࣥࢵࢩࣗ࡟㏻ࡋࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮ࢆ⏝࠸
࡚ ᐃࡋࡓࠋ 
 
4-2-15 ⣽⬊⭷ὶືᛶࡢ ᐃ 
 
⺯ග೫ගゎᾘἲࡣࠊ⣽⬊⭷ࡢ␯Ỉ㒊࡟⺯ගࣉ࣮ࣟࣈ (1,6-diphenyl-1.3.5-
hexatriene : DPH)ࢆᑟධࡋࠊDPH ࡟೫ගࢆᙜ࡚࡚ P ್ࢆ ᐃࡍࡿ᪉ἲ࡛࠶ࡿࠋ
DPH ࡢᦂືࡀᑠࡉࡃ⭷ὶືᛶࡶᑠࡉ࠸᫬ࡣከࡃࡢ೫ගࡀ೫ගᯈࢆ㏻ࡿࡓࡵࠊP
್ࡣ኱ࡁࡃ࡞ࡿࠋDPH ࡢᦂືࡀ኱ࡁࡃ⭷ὶືᛶࡀ኱ࡁ࠸᫬ࡣ೫ගࡀ஘཯ᑕࡍࡿ
ࡓࡵࠊP್ࡣᑠࡉࡃ࡞ࡿࠋ⺯ග೫ගᗘ(P)ࡣ(1)ᘧࡼࡾ⟬ฟࡋࡍࡿࠋIvvࠊIhvࡣᆶ┤
┤⥺೫ග㉳ගࡢ᣺ື᪉ྥ࡜ࠊᆶ┤࡟᣺ືࡍࡿ೫ගᙉᗘᡂศཬࡧᖹ⾜࡟᣺ືࡍࡿ
೫ගᙉᗘᡂศ࡛࠶ࡿࠋGf ࡣ(2)ᘧ࡛ồࡵࡽࢀࡿ⿵ṇಀᩘ࡛࠶ࡿࠋP ್ࡀᑠࡉ࠸࡯
࡝⭷ὶືᛶࡀ኱ࡁ࠸࡜ゝࢃࢀ࡚࠸ࡿࠋ(Fig. 4-2) 
P =(Ivv-GfIvh)/(Ivv+GfIvh)…(1)         Gf=Ivh/Ihh…(2) 
 
 
Fig. 4-2 Principle offluorescence depolarization method. 
೫ග
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Emission  : 432 nm 
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 ᡤᐃࡢ⣽⬊ᩘ㸦ึᮇ⣽⬊ᩘ 5.0×104 cells / ml㸧࡛ BxPC-3⣽⬊ࢆ኱ࢹ࢕ࢵࢩࣗ
࡟᧛✀ࡋࠊ24᫬㛫ᇵ㣴ࡋࡓࠋࡉࡽ࡟ࠊヨᩱ⁐ᾮࢆῧຍᚋ 37°Cࠊ5%CO2᮲௳ୗ࡛
24 ᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴⤊஢ᚋࠊDPH ࡢ⛗㔞ࢆ⾜ࡗࡓࠋࡑࡢᚋࠊ⣽⬊ࢆᅇ཰ࡋࠊ
1000rpm,5min࡛㐲ᚰࡋࠊ⣽⬊ᩘࢆ࢝࢘ࣥࢺࡋࡓࠋ50 ୓ cells/ml࡜࡞ࡿࡼ࠺࡟ࠊ
HBSS (Hanks Balanced Salt Solution)࡛ᠱ⃮ࡋࡓࠋࡑࡢᚋࠊྛヨᩱ࡟ DP Hࢆῧຍ
ࡋࠊศග⺯ගගᗘィ㸦F7100㸧ࢆ⏝࠸࡚ࠊ⣽⬊⭷ࡢὶືᛶࢆ ᐃࡋࡓࠋ 
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4-3 ⤖ᯝ࡜⪃ᐹ 
 
4-3-1 ࣄࢺ⮅⮚ࡀࢇ⣽⬊ࡢ⭷≀ᛶ 
 
 ࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࠾ࡼࡧṇᖖ⮅⮚⣽⬊ࡢ⭷≀ᛶࢆ᳨ウࡍࡿࡓࡵ࡟ࠊ⣽
⬊⭷⾲㠃ࡢ࢞ࣥࢢࣜ࢜ࢩࢻ(GM1)㔞࠾ࡼࡧ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ(PS)㔞ࡢ ᐃ
ࢆ⾜ࡗࡓࠋ 
 BxPC-3⣽⬊ࡢ GM1㔞ࡢ ᐃ⤖ᯝࢆ Fig.4-6࡟♧ࡍࠋṇᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚
BxPC-3 ⣽⬊࡛ࡣࠊCT-Bࡢ⺯ගᙉᗘࡀ⣙ 3 ಸ㧗࠸ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡾࠊBxPC-3
⣽⬊ࡢ⣽⬊⭷࡟ GM1ࡀከ࠸ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ 
 BxPC-3 ⣽⬊ࡢ࣍ࢫࣇ࢓ࢳࢪࣝࢭࣜࣥ(PS)㔞ࡢ ᐃ⤖ᯝࢆ Fig.4-7 ࡟♧ࡍࠋṇ
ᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚ BxPC-3 ⣽⬊࡛ࡣࠊAnnexine-V ࡢ⺯ගᙉᗘࡀ⣙ 3 ಸ㧗࠸
ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡾࠊBxPC-3ࡢ⣽⬊እ⭷࡟ PS㔞ࡀከ࠸ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ 
 ࡉࡽ࡟ࠊBxPC-3⣽⬊࠾ࡼࡧṇᖖ⮅⮚⣽⬊ࡢ⭷≀ᛶࢆࡉࡽ࡟ヲ⣽࡟᳨ウࡍࡿ
ࡓࡵ࡟ࠊ⣽⬊⭷⾲㠃㟁Ⲵࡢ ᐃࢆ⾜ࡗࡓࠋ 
 ࣮ࣞࢨ࣮ࢻࢵࣉ࣮ࣛἲ࡟ࡼࡿ⣽⬊⭷⾲㠃㟁Ⲵ఩ࡢ ᐃ⤖ᯝࢆ Fig.4-8 ࡟♧
ࡍࠋṇᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚ BxPC-3⣽⬊ࡣ⣽⬊⭷⾲㠃㟁Ⲵࡀ⣙ 2ಸపࡃࠊ⣽
⬊⭷⾲㠃ࡀ࢔ࢽ࢜ࣥᛶ࡟Ⲵ㟁ࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ࡲࡓࠊ⮅⮚ࡀࢇ⣽⬊࡟ CLࢆῧຍࡋࡓ㝿ࡢ⣽⬊⭷⾲㠃㟁Ⲵࡢ ᐃ⤖ᯝࢆ Fig. 
4-9࡟♧ࡍࠋCLῧຍᚋࠊBxPC-3⣽⬊ࡢ⾲㠃㟁Ⲵࡀࣉࣛࢫഃ࡬ 20mV⛬ࢩࣇࢺ
ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ௨ୖࡢࡇ࡜࠿ࡽࠊBxPC-3⣽⬊⭷࡟ࡣ GM1࠾ࡼࡧ PS㔞ࡀṇᖖ⮅⮚⣽⬊࡜ẚ
㍑ࡋ࡚㢧ⴭ࡟ከࡃࠊBxPC-3⣽⬊⭷ࡀ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇ࡛࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀ
ࡓࠋࡉࡽ࡟ࠊBxPC-3⣽⬊ࡣṇᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚ࠊ⣽⬊⭷⾲㠃㟁Ⲵࡀ࢔ࢽ
࢜ࣥᛶ࡟Ⲵ㟁ࡋ࡚࠾ࡾࠊCLࡀ≉␗ⓗ࡟⼥ྜࡋࠊ⭷⾲㠃ࢆそ࠺ࡇ࡜࡛⾲㠃㟁Ⲵ
ࢆࣉࣛࢫഃ࡬ࢩࣇࢺࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
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Fig.4-6 Fluorescent intensity of GM1 for BxPC-3 and normal pancreatic cells. 
*p < 0.05(vs. normal pancreatic cells). 
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Fig.4-7 Fluorescent intensity of PS for BxPC-3 and normal pancreatic cells. 
*p < 0.05(vs. normal pancreatic cells). 
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Fig.4-8 Zeta potential of BxPC-3 and normal pancreatic cells. 
*p< 0.05 (vs. normal pancreatic cells). 
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Fig. 4-9 Zeta potential of BxPC-3 at 1 and 3 hour after 
addition of CL. 
*p< 0.05 (vs. Control(0)). 
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4-3-2 ࣄࢺ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢቑṪᢚไຠᯝ 
 
 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࠾ࡼࡧṇᖖ⮅⮚⣽⬊࡟ᑐࡍࡿቑ
Ṫᢚไຠᯝࡢ᳨ウ࡜ࡋ࡚ 50㸣ቑṪᢚไ⃰ᗘ (IC50 : 50% Inhibitory 
Concentration)ࡢ ᐃࢆ⾜ࡗࡓࠋ⤖ᯝࢆ Fig.4-10 ,Table 4-1࡟♧ࡍࠋDMPC༢
୍࣏ࣜࢯ࣮࣒ࠊHL࠾ࡼࡧ CLࢆῧຍࡋࡓṇᖖ⮅⮚⣽⬊࡟ᑐࡋ࡚ࠊ඲࡚ࡢヨᩱ࡟
࠾࠸࡚ IC50 < 1000mMࡢ್ࢆ♧ࡋࠊẘᛶࡀప࠸ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ୍ࠋ ᪉࡛ࠊ
CLࢆῧຍࡋࡓ BxPC-3⣽⬊࡛ࡣ DMPC༢୍࣏ࣜࢯ࣮࣒࠾ࡼࡧHL21ࢆῧຍࡋ
ࡓ⣽⬊࡜ẚ㍑ࡋ࡚ IC50್ࡀపࡃࠊ㢧ⴭ࡞ቑṪᢚไຠᯝࢆ♧ࡋࡓࠋ 
 ௨ୖࡢࡇ࡜࠿ࡽࠊCLࡣ BxPC-3⣽⬊࡟ᑐࡋ㧗࠸ቑṪᢚไຠᯝࢆ♧ࡋࠊṇᖖ⮅
⮚⣽⬊࡟ᑐࡋ࡚ࠊపẘᛶ࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
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Fig. 4-10 50% inhibitory concentration (IC50) of CL on the growth for BxPC-3 and 
normal pancreatic cells. 
*p < 0.05 (vs. DMPC). 
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Table 4-1 50% inhibitory concentration (IC50) of DMPC, HL and CL on the growth of 
BxPC-3 and normal pancreatic cancer cells. 
 
Sample 
50% inhibitory concentration (μM) 
BxPC-3 Normal pancreatic cancer 
DMPC [DMPC]=756±17 [DMPC]> 1000 
HL21 
[DMPC]=587±35 
[C12(EO)21]=30±1.8 
[DMPC] > 1000. 
[C12(EO)21] > 1000. 
CL 
[DMPC]=348±11 
[C12(EO)21]=20±0.63 
[2C14ECl]=32±1 
[DMPC] > 1000 
[C12(EO)21] > 1000 
[2C14ECl] > 1000 
Data represent the mean ± S.D. 
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4-3-3 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ⮅⮚ࡀࢇ⣽⬊࡬ࡢ⼥ྜ࣭⵳✚ 
 
࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࠾ࡼࡧṇᖖ⮅⮚⣽⬊࡟ᑐࡍࡿ⼥
ྜ࣭⵳✚ࢆ᳨ウࡍࡿࡓࡵࠊ⺯ගᶆ㆑⬡㉁(NBDPC)ࢆྵ᭷ࡋࡓ CL /NBDPCࢆ⏝
࠸࡚⺯ග㢧ᚤ㙾࠾ࡼࡧඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡟ࡼࡿほᐹࢆ⾜ࡗࡓࠋ⺯ග㢧ᚤ㙾
࡟ࡼࡿほᐹ⤖ᯝࢆ Fig.4-11 ࡟♧ࡍࠋCL /NBDPC ࢆῧຍࡋࡓ⣽⬊࡛ࡣῧຍᚋ 1
᫬㛫࠿ࡽ BxPC-3⣽⬊࡬ࡢ⵳✚ࡀ☜ㄆࡉࢀࠊDMPC༢୍࣏ࣜࢯ࣮࣒/NBDPCࠊ
HL /NBDPC ࢆῧຍࡋࡓ⣽⬊࡜ẚ㍑ࡋ࡚▷᫬㛫࡛ BxPC-3 ⣽⬊࡟⼥ྜ࣭⵳✚ࡍ
ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
ḟ࡟ࠊඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡟ࡼࡿ⤖ᯝ࡛ࡣࠊ࠸ࡎࢀࡢヨᩱࢆῧຍࡋࡓṇᖖ⣽
⬊࡟ᑐࡋ࡚ࡣ⼥ྜ࣭⵳✚ࡀ☜ㄆࡉࢀ࡞࠿ࡗࡓ(Fig. 4-13)ࠋ୍᪉ࠊBxPC-3⣽⬊࡟
ᑐࡋCL /NBDPC࡛ࡣῧຍᚋ 5ศࡼࡾ⼥ྜ࣭ ⵳✚ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ(Fig. 
4-12,)ࠋ 
௨ୖࡢ⤖ᯝ࠿ࡽࠊCLࡣṇᖖ⣽⬊࡟ࡣ⼥ྜ࣭⵳✚ࡏࡎࠊBxPC-3⣽⬊࡟ᑐࡋ≉
␗ⓗ࡟⼥ྜ࣭⵳✚ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
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DMPC 
HL21 
CL 
3h 2h 1h 
Fig. 4-11 Fluorescence micrographs of BxPC-3 cells treated with DMPC, HL21 and CL 
for 1, 2, 3 h. 
Scale bar : 200μm. 
CL: [DMPC]= 0.67mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M, 
 [NBDPC]= 0.034mM. 

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0 0.5h 2h5min 1hTransmission
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CL
Fig. 4-12 Fluorescence micrographs of BxPC-3 cells treated with DMPC, HL21 and 
CL . 
Scale bar : 50μm. 
CL: [DMPC]= 0.67mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M, 
 [NBDPC]= 0.034mM. 

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0 0.5h 2h5min 1hTransmission
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HL21
CL
Fig. 4-13 Fluorescence micrographs of normal pancreatic cells treated with DMPC, HL21 and 
CL . 
Scale bar : 50μm. 
CL: [DMPC]= 0.67mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M, 
[NBDPC]= 0.034mM. 
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4-3-4 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ 
 
 CL ࡢ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࢆ TUNEL assay ࠾ࡼ
ࡧ PI assay࡟ࡼࡗ᳨࡚ウࡋࡓࠋ 
 TUNEL assayࢆ⏝࠸ࡓඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡟ࡼࡿほᐹ⤖ᯝࢆ Fig. 4-14 ࡟♧
ࡍࠋDMPC ༢୍࣏ࣜࢯ࣮࣒࠾ࡼࡧ HL21 ࢆῧຍࡋࡓ⣽⬊࡛ࡣ࢔࣏ࢺ࣮ࢩࢫ㝧ᛶ
ࢆ♧ࡍ⥳Ⰽ⺯ගࢆ☜ㄆ࡛ࡁ࡞࠿ࡗࡓࡀࠊCLࢆῧຍࡋࡓ⣽⬊࡛ࡣ࢔࣏ࢺ࣮ࢩࢫ㝧
ᛶࢆ♧ࡍ⥳Ⰽࡢ⣽⬊ࡀከᩘほᐹࡉࢀࡓࠋ 
 PI assay ࢆ⏝࠸ࡓࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮࡟ࡼࡿ ᐃ⤖ᯝࢆ Fig. 4-15 ࡟♧ࡍࠋ
DMPC༢୍࣏ࣜࢯ࣮࣒࠾ࡼࡧ HL21ࢆῧຍࡋࡓ⣽⬊࡜ẚ㍑ࡋ࡚ࠊCLࢆῧຍࡋࡓ
⣽⬊࡛ࡣ⣙ 80㸣࡜㧗࠸᩿∦໬⋡ࢆ♧ࡋࡓࠋ 
 CLࡢ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ࠊDiOC6(3)࡟ࡼࡗ࡚ᰁⰍࡋࠊࣇࣟ
࣮ࢧ࢖ࢺ࣓࣮ࢱ࣮ࢆ⏝࠸࡚࣑ࢺࢥࣥࢻࣜ࢔⭷㟁఩ࡢ ᐃࢆ⾜ࡗࡓࠋ 
 ⤖ᯝࢆ Fig. 4-16 ࡟♧ࡍࠋDMPC ༢୍࣏ࣜࢯ࣮࣒ࢆῧຍࡋࡓ⣽⬊࡛ࡣ Control
࡜ྠᵝࡢ⭷㟁఩ࢆ᭷ࡋ࡚࠸ࡓࡀࠊHL21࠾ࡼࡧ CLࢆῧຍࡋࡓ⣽⬊࡛ࡣ࣑ࢺࢥࣥ
ࢻࣜ࢔⭷㟁఩ࡢపୗࡀ㢧ⴭ࡟☜ㄆࡉࢀࡓࠋ 
CL ࡢ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ PhiPhiLux ࠾ࡼࡧ CaspaLux ࡟ࡼ
ࡾ⣽⬊ෆ࢝ࢫ࣮࣌ࢫ 3, 8, 9 ࡢάᛶࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹࡋࡓ⤖
ᯝࢆ Fig. 4-17 ࡟♧ࡍࠋ 
 Control࠾ࡼࡧDMPC༢୍࣏ࣜࢯ࣮࣒ࢆῧຍࡋࡓ⣽⬊࡛ࡣ࢝ࢫ࣮࣌ࢫࡢάᛶࢆ
♧ࡍ⥳Ⰽ⺯ගࡀ☜ㄆࡉࢀ࡞࠿ࡗࡓࡀࠊCLࢆῧຍࡋࡓ⣽⬊࡛ࡣᙉ࠸⥳Ⰽ⺯ගࡀ࢝
ࢫ࣮࣌ࢫ-3,-8,-9ࡍ࡭࡚࡟࠾࠸࡚ほᐹࡉࢀࠊ࢝ࢫ࣮࣌ࢫࡢάᛶࡀ☜ㄆࡉࢀࡓࠋ 
 
 ௨ୖࡢ⤖ᯝ࠿ࡽࠊCLࡣ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡋ࡚ࠊ࣑ࢺࢥࣥࢻࣜ࢔࠾ࡼࡧ࢝ࢫ࣌
࣮ࢫࡢάᛶ໬ࢆ⤒⏤ࡋ࡚ࠊ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
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TUNEL Topro-3 iodide Overlay 
DMPC 
HL21 
CL 
Control 
Fig. 4-14 Fluorescence micrograph of BxPC-3 cells treated with CL for 24h 
using TUNEL assay. 
Scale bar : 50μm. 
Magnification: ʹ40 
CL: [DMPC]= 0.7mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M. 
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Fig. 4-15 Apoptotic DNA rate for BxPC-3 cells treated with DMPC, HL and 
CL for 48h. 
*p < 0.05(vs. Control, DMPC). 
CL: [DMPC]=0.7mM, [C12(EO)21]= 0.04mM, [2C14ECl]= 0.064mM. 
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Fig. 4-16 Mitochondrial transmembrane potential (Δψm) disruption of mitochondria 
in BxPC-3 cell treated with CL for 48 hours. 
[DMPC]=0.7mM, [C12(EO)21]=0.04mM, [2C14ECl]=0.064mM. 
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Caspase-3 
Caspase-8 
Caspase-9 
Fig. 4-17 Activation of caspase-3, -8, -9 in BxPC-3 cells treated with CL for 48h. 
Scale bar: 50μm. 
[DMPC]=0.7mM, [C12(EO)21]=0.04mM, [2C14ECl]=0.064mM. 
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4-3-5 ࣄࢺ⮅⮚ࡀࢇ⣽⬊⭷ࡢ⭷ὶືᛶ 
 
 CLࡢ⮅⮚ࡀࢇ(BxPC-3)⣽⬊⭷ὶືᛶ࡬ࡢᙳ㡪ࢆ᳨ウࡍࡿࡓࡵ࡟ࠊ⺯ග೫ගゎ
ᾘἲ࡟ࡼࡾศග⺯ගගᗘィࢆ⏝࠸࡚ ᐃࡋࡓࠋ 
⤖ᯝࢆ Fig.4-18 ࡟♧ࡍࠋDMPC ༢୍࣏ࣜࢯ࣮࣒ࢆῧຍࡋࡓ⣽⬊࡛ࡣ P ್ࡢῶ
ᑡࡣᑡ࡞࠿ࡗࡓࠋ୍᪉ࠊHL21 ࢆῧຍࡋࡓ⣽⬊࡛ࡣࠊCL ࢆῧຍࡋࡓ⣽⬊࡜ẚ㍑
ࡋ࡚ࠊP್ࡣప࠸್㸦PHL21 > PCL㸧ࢆ♧ࡋࡓࠋP್ࡀᑠࡉ࠸࡯࡝ࠊ⭷ὶືᛶࡀ኱ࡁ
࠸ࡇ࡜ࢆ♧ࡍࠋCLࡣ࣏ࣜࢯ࣮࣒⮬యࡢ⭷ὶືᛶࡀ HL21࡜ẚ㍑ࡋ࡚ప࠸ࡇ࡜࠿
ࡽࠊBxPC-3⣽⬊࡟⼥ྜ࣭⵳✚ᚋ࡟⭷ࡢὶືᛶ࡟ᙳ㡪ࢆཬࡰࡋ࡚࠸ࡿࡢ࡛ࡣ࡞࠸
࠿࡜⪃࠼ࡿࠋ 
 ௨ୖࡢ⤖ᯝࡼࡾࠊCLࡣ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟⼥ྜ࣭⵳✚ᚋ࡟ࠊ⣽⬊⭷ࡢ⭷
⎔ቃࢆኚ໬ࡉࡏࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
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Fig.4-18  Change in membrane fluidity for BxPC-3 cells treated with CL for 24h. 
Data represent the mean ± S.E. 
 
*p < 0.05(vs. Control). 
[DMPC]= 2.0×10-2 M, [C12(EO)21]= 1.05×10-3 M, [2C14ECl]= 1.15×10-3 M. 
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 ᮏ❶࡛ࡣ 87mol%DMPC/ 5mol%C12(EO)21/ 8mol%2C14ECl ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒
(CL)ࡢࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡍࡿ in vitro ࡛ࡢไࡀࢇຠᯝࢆ᳨ウࡋࠊ௨
ୗࡢࡼ࠺࡞▱ぢࡀᚓࡽࢀࡓࠋ 
 
1. BxPC-3⣽⬊ࡣṇᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚ࠊGM1㔞࠾ࡼࡧ PS㔞ࡀ㢧ⴭ࡟ከ࠸ࡇ
࡜ࡀ☜ㄆࡉࢀࠊ⣽⬊⭷ࡀ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇ࡛࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡲࡓࠊ
CLࢆῧຍࡋࡓ⮅⮚ࡀࢇ⣽⬊࡛ࡣ⣽⬊⭷⾲㠃㟁Ⲵࡢࣉࣛࢫഃ࡬ࡢࢩࣇࢺࡀぢࡽ
ࢀࡓࡇ࡜࠿ࡽࠊCLࡀ⮅⮚ࡀࢇ⣽⬊࡟⼥ྜࡋࠊ⣽⬊ࡀᣢࡘ㈇㟁Ⲵ࡜ᡴࡕᾘࡋࡓ
ࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 
2. CLࡣṇᖖ⮅⮚⣽⬊࡟ᑐࡋ࡚ࡣ⼥ྜ⵳✚ࡏࡎẘᛶࡀపࡃࠊ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇ࡛
࠸ࡿ BxPC-3⣽⬊࡟ᑐࡋ࡚≉␗ⓗ࡟⼥ྜ⵳✚ࡋࠊ㧗࠸ቑṪᢚไຠᯝࢆ♧ࡍࡇ࡜
ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
3. CLࢆῧຍࡋࡓ⣽⬊࡛ࡣ TUNEL㝧ᛶ⣽⬊ࡀ☜ㄆࡉࢀࡓࠋࡲࡓ㧗࠸ DNA ᩿∦
໬⋡ࡀ ᐃࡉࢀࡓࡇ࡜࠿ࡽࠊCLࡀ BxPC-3 ⣽⬊࡟ᑐࡋ࡚࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟ
ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
4. Control࡛ࡣ࢝ࢫ࣮࣌ࢫάᛶ໬ࢆ♧ࡍ⥳Ⰽ⺯ගࡀほᐹࡉࢀ࡞࠿ࡗࡓࡢ࡟ᑐࡋࠊ
CLࢆῧຍࡋࡓ⣽⬊࡛ࡣ⥳Ⰽ⺯ගࡀᙉࡃぢࡽࢀࡓࡇ࡜࠿ࡽࠊBxPC-3 ⣽⬊࡟ᑐ
ࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟࠾࠸࡚࢝ࢫ࣮࣌ࢫ-3, -8, -9 ࡢάᛶ໬ࡀ㛵୚ࡋ࡚࠸ࡿ
ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
5. CLࢆῧຍࡋࡓ BxPC-3 ⣽⬊࡛ࡣ Control࡜ẚ㍑ࡋ࡚ࠊDiOC6(3)ࡢ⺯ගࡀపୗ
ࡋ࡚࠸ࡿࡇ࡜࠿ࡽࠊ࣑ࢺࢥࣥࢻࣜ࢔⭷㟁఩ࡢᾘኻࡀ᫂ࡽ࠿࡜࡞ࡾ CLࡢ BxPC-
3 ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟࠾࠸࡚࣑ࢺࢥࣥࢻࣜ࢔ࡀ㛵୚ࡋ࡚࠸ࡿࡇ
࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
6. CL࡛ฎ⌮ࡋࡓ BxPC-3⣽⬊ࡢ P್ࡣᑠࡉࡃࠊBxPC-3⣽⬊ࡢ⭷ὶືᛶࢆቑ኱ࡉ
ࡏࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
௨ୖࡢ⤖ᯝ࠿ࡽ 87mol%DMPC/5mol%C12(EO)21/8mol%2C14ECl ࢝ࢳ࢜ࣥࣜ
࣏ࢯ࣮࣒ࡣṇᖖ⮅⮚⣽⬊࡟ᑐࡋపẘᛶ࡛ࠊࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡋ㧗
࠸ቑṪᢚไຠᯝࢆ♧ࡋࡓࠋBxPC-3⣽⬊࡟ᑐࡍࡿ CLࡢ࢔࣏ࢺ࣮ࢩࢫ⤒㊰ࡣࠊ࣑

ࢺࢥࣥࢻࣜ࢔ࢆ௓ࡋ࡚࢝ࢫ࣮࣌ࢫ-9, 3ࢆάᛶ໬ࡍࡿ⤒㊰࠾ࡼࡧ࢝ࢫ࣮࣌ࢫ-8, 9, 
3,ࢆάᛶ໬ࡍࡿ⤒㊰ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋṇᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚ࠊBxPC-3ࡣ⣽
⬊⭷ࡀ࢔ࢽ࢜ࣥᛶ࡟ᐩࢇ࡛ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡾࠊCLࡣ㟼㟁ⓗ࡟ BxPC-3⣽⬊
࡟㑅ᢥⓗ࡟⼥ྜ࣭⵳✚ࡋ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋࡓ࡜⪃࠼ࡽࢀࡿࠋࡲࡓࠊC L ࡣ
BxPC-3 ⣽⬊࡟⼥ྜ࣭⵳✚ᚋ࡟ࠊ⣽⬊⭷ࡢ⭷⎔ቃࢆኚ໬ࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
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➨ 5❶ ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ⮅⮚ࡀࢇ࡟ᑐࡍࡿ㌿⛣ᾐ₶ᢚไຠᯝ 

5-1 ᗎ 
 
ࡀࢇࡀࡶࡓࡽࡍ⬣ጾࡣ⣽⬊ศ⿣᫬ࡢไᚚࢿࢵࢺ࣮࣡ࢡࡢ⤫⋡࠿ࡽእࢀࠊ⤌⧊
୰࡟࠾ࡅࡿ᪉ྥᛶࢆኻࡗࡓቑṪࡔࡅ࡛ࡣ⤊ࢃࡽ࡞࠸ࠋࡀࢇ⣽⬊ࡢ㑇ఏᏊࣞ࣋ࣝ
ࡢኚ␗࠿ࡽṚࡠ࡭ࡁ᫬࡟Ṛ࡞ࡎࠊ㐃⥆ⓗ࡟࿘ᅖࡢ⤌⧊࡬ᾐ₶㸦invasion㸧ࡸཎⓎ
ᕢ࠿ࡽ㞳ࢀࡓሙᡤ࡟㌿⛣㸦metastasis㸧ࡍࡿࠋᾐ₶࠾ࡼࡧ㌿⛣ࡣࡀࢇࡢ≉ᚩⓗ࡞⬟
ຊ࡛ࠊ㌿⛣ࡣࡀࢇ࡟ࡼࡿṚᅉࡢ୺࡞ཎᅉ࡛࠶ࡿࠋ 
 ㌿⛣ࡣཎⓎ⭘⒆ࢆᙧᡂࡋࠊ࿘ᅖࡢ⤌⧊࡬ࡢᾐ₶࠾ࡼࡧ⾑⟶ෆ࡬౵ධࡋ࡚࠸
ࡃࠋ⾑ὶࡸࣜࣥࣃ⠇ࡢᚠ⎔ࢆ௓ࡋ࡚㍺㏦ࡉࢀࠊከᵝ࡞ჾᐁࡢᚤᑠ⾑⟶࡛⦾␃ᚋ
࡟⟶እ㐟ฟࠊᚤᑠ㌿⛣ᕢࢆᙧᡂࡋࠊ㌿⛣ቑṪࡢẁ㝵ࢆ⤒࡚ึࡵ࡚㌿⛣ࡍࡿ 74)ࠋ 
ࡀࢇࡀ㌿⛣ࡍࡿࡓࡵ࡟ࡣࠊࡲࡎࠊ⣽⬊እᇶ㉁(extracellular matrix : ECM)ࢆศ
ゎࡋ࡞ࡅࢀࡤ࡞ࡽ࡞࠸ࠋECMࡢᵓᡂ༢఩ࡣ⤌⧊࡟ࡼࡗ࡚␗࡞ࡾࠊ୺࡟ࢥ࣮ࣛࢤ
ࣥࡸ࣑ࣛࢽࣥࠊ࢚ࣛࢫࢳࣥࠊࣉࣟࢸ࢜ࢢࣜ࢝ࣥ࡞࡝ࡀ࠶ࡿࠋࡇࡢ ECMࡢศゎ
࡟ࡣ Zn2+ࢆάᛶ㒊఩࡟ᣢࡘᇶᗏ⭷ศゎ㓝⣲(matrix metalloproteinase : MMP)࡜࿧
ࡤࢀࡿࣉࣟࢸ࢔࣮ࢮࡀ㔜せ࡞ᙺ๭ࢆᯝࡓࡋ࡚࠸ࡿࠋMMPࡣ⌧ᅾࡲ࡛࡟ 20✀㢮
ࡀྠᐃࡉࢀ࡚࠾ࡾࠊࡑࡢ࠺ࡕࣄࢺMMPࡣ 16✀㢮Ꮡᅾࡋ࡚࠸ࡿࠋࡑࢀࡒࢀࡢ
MMPࡣ≉ᚩⓗ࡞ᇶ㉁≉␗ᛶࢆᣢࡕࠊྛ✀ࢥ࣮ࣛࢤࣥࡸ⢾ࢱࣥࣃࢡ㉁ࠊࣉࣟࢸ
࢜ࢢࣜ࢝ࣥࢆศゎࡍࡿࠋ୍᪉ࠊMMP11ࡢࡼ࠺࡟ ECM࡟ᙉ࠸άᛶࢆ♧ࡉ࡞࠸ࡶ
ࡢࡶ࠶ࡿࠋ㏻ᖖࡢMMPάᛶࡣ₯ᅾᆺ㓝⣲(pro-MMP)ࡢ⏕⏘ࠊࡇࡢ₯ᅾᆺ㓝⣲
ࡢάᛶ໬࠾ࡼࡧάᛶᆺ㓝⣲ࡢ࢖ࣥࣄࣅࢱ࣮࡟ࡼࡿ㜼ᐖ࡜࠸࠺ 3ࡘࡢࢫࢸࢵࣉ࡟
ࡼࡗ࡚⦓ᐦ࡟ㄪ⠇ࡉࢀࠊ᤼༸ࡸ๰യ἞⒵࡞࡝ᵝࠎ࡞⏕⌮⌧㇟࡟ࡶ㛵୚ࡋ࡚࠸
ࡿࠋMMPάᛶ࡟࠾࠸࡚ࠊ₯ᅾᆺ㓝⣲ࡢάᛶ໬ࡣ⣽⬊እࡶࡋࡃࡣ⣽⬊ෆࠊ⣽⬊
⭷ୖ࡛⾜ࢃࢀࡿࠋࡋ࠿ࡋࠊάᛶ໬ࡉࢀࡓMMPࡣ ECMࢆศゎࡋ⥆ࡅࡿࢃࡅ࡛
ࡣ࡞ࡃࠊෆᅉᛶ≉␗ⓗ࢖ࣥࣄࣅࢱ࣮ࡢ TIMP(tissue inhibitor of metalloproteinase)
ࡸ⾑Ύ⏤᮶ࡢ α2M(α2 Macrogloblin : α2M)࡟ࡼࡗ࡚㜼ᐖࡉࢀࡿࠋ 
 ࡀࢇ⣽⬊ࡀ⤌⧊୰ࢆ⛣ືࡍࡿ㝿࡟ࡣࡇࡢࡼ࠺࡟ᵝࠎ࡞ࣉࣟࢸ࢔࣮ࢮࡀ฼⏝ࡉ
ࢀࡿࡀࠊࡇࢀࡣࡀࢇ⣽⬊࡟㝈ࡽࢀࡓヰ࡛ࡣ࡞࠸ࠋ౛࠼ࡤࠊ࣐ࢡࣟࣇ࢓࣮ࢪࡸࣜ
ࣥࣃ⌫ࡶ⾑⟶࠿ࡽ㞳ࢀ࡚⤌⧊୰ࢆᾐ₶ࡍࡿࡀࠊࡇࡢ୍㐃ࡢ㐣⛬ࡣࡍ࡭࡚ㄪ⠇ࡉ
ࢀ࡚࠸ࡿࠋࡀࢇ⣽⬊࡟࠾࠸࡚ࡣࡇࡢࡼ࠺࡞ㄪ⠇ࡀ࡛ࡁ࡞ࡃ࡞ࡗ࡚࠸ࡿ࡜⪃࠼ࡽ
ࢀࡿ 75)ࠋ 
 ᮏ❶࡛ࡣࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ⮅⮚ࡀࢇ἞⒪࡬ࡢᛂ⏝ࢆ┠ⓗ࡜ࡋࠊࣜࣥ⬡㉁
(DMPC)ࠊPEG⣔⏺㠃άᛶ๣(C12(EO)21)࠾ࡼࡧ࢝ࢳ࢜ࣥᛶ⬡㉁(2C14ECl)࠿ࡽ࡞
ࡿ 87mol%DMPC/ 5mol%C12(EO)21/ 8mol%2C14ECl࠿ࡽᡂࡿ࢝ࢳ࣏࢜ࣥࣜࢯ࣮
࣒ࡢࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡍࡿ㌿⛣࣭ᾐ₶ᢚไຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓࠋ 
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5-2 ᐇ㦂 
 
5-2-1 ヨᩱ 
 
 ࣜࣥ⬡㉁(DMPC)ࠊ⏺㠃άᛶ๣(C12(EO)21)࠾ࡼࡧ࢝ࢳ࢜ࣥᛶ⬡㉁(2C14ECl)ࡣ 2-
2-1࡜ྠᵝࡢࡶࡢࢆ౑⏝ࡋࡓࠋ 
 
5-2-2 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇 
 
 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇ࡣ 2-2-3࡜ྠᵝࡢ᪉ἲ࡛⾜ࡗࡓࠋ 
 
5-2-3 Scratch assay࡟ࡼࡿ㐟㉮ᢚไヨ㦂 
 
 ⣽⬊ࡢ㐟㉮⬟ᢚไຠᯝࢆ᳨ウࡍࡿࡓࡵ࡟ Scratch assay ࢆ⏝࠸࡚⣽⬊ࡢ㐟㉮ࢆ
ほᐹࡋࡓࠋ 
 ⣽⬊ࡀỈᖹ⛣ືࡍࡿ㝿ࠊ⣽⬊ෆ࡛ᴟᛶࡀᙧᡂࡉࢀࡿࠋ⥆࠸࡚⣽⬊✺㉳ࡀᙧᡂࡉ
ࢀࠊ⣽⬊✺㉳ࡢඛ➃㒊࡛ࡣⴥ≧௬㊊࡜࿧ࡤࢀࡿ௬㊊ࡀⓎ⏕ࡍࡿࠋࡉࡽ࡟ࡑࡢⴥ≧
௬㊊࠿ࡽᑠࡉ࡞⣒≧௬㊊ࡀᙧᡂࡉࢀࡿࠋࡇࢀࡽࡢ௬㊊ࡣ ECM ࢆศゎࡋ࡞ࡀࡽ
ḟࠎ࡜᥋╔ࢆ⧞ࡾ㏉ࡋࠊ⣽⬊ࢆ㐟㉮ࡉࡏࡿ 76)ࠋScratch assayࡣࠊࢥࣥࣇ࢚ࣝࣥࢺ
ࣥ≧ែ࡛᥋╔㜼ᐖࡀⓎ⏕ࡋ࡚࠸ࡿ࡜ࡁ࡟ࠊ⣽⬊⾲㠃࡟യࢆࡘࡅࠊ✵㛫ࢆసࡾฟࡍ
ࡇ࡜࡛ࠊࡑࡢ✵㛫࡟㐟㉮ࡋ࡚ࡃࡿ⣽⬊ࢆほᐹࡍࡿ᪉ἲ࡛࠶ࡿࠋ 
⮅⮚ࡀࢇ⣽⬊ࢆ 6well plate࡟᧛✀(4.0×105 cells/ml)ࡋࠊ48᫬㛫๓ᇵ㣴ࡋࡓࠋᇵ㣴
ᚋࠊwellᗏ㠃ࢆ 200μlࢳࢵࣉ࡛ࡦࡗ࠿ࡁࠊὙίࡋࡓࠋࡑࡢᚋࠊᇵᆅ࡜ヨᩱࢆῧຍ
ࡋࠊࡉࡽ࡟ 24᫬㛫ᇵ㣴ࡋࡓࠋ24᫬㛫ᚋࠊಽ❧ᆺ⺯ග㢧ᚤ㙾(EVOS®FL, Thermo 
Fisher Scientific)ࢆ⏝࠸࡚ほᐹࡋࡓࠋ 
 
5-2-4 ඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡟ࡼࡿ௬㊊ࡢほᐹ 
 
 ௬㊊ᙧᡂࡢほᐹࡣࠊ⣽⬊㦵᱁࡛࠶ࡿ F ࢔ࢡࢳࣥࢆ Acti-stain 488 Fluorescent 
Phalloidinࢆ⏝࠸࡚ᰁⰍࡋࠊඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾࡟ࡼࡗ࡚ほᐹࡋࡓࠋ 
 ⮅⮚ࡀࢇ⣽⬊ࢆ glass bottom dish࡟᧛✀(5.0×104 cells/ml)ࡋࠊ24᫬㛫๓ᇵ㣴ࡋ
ࡓࠋᇵ㣴ᚋࠊヨᩱࢆῧຍࡋ᭦࡟ 24᫬㛫ᇵ㣴ࡋࡓࠋᇵ㣴⤊஢ᚋࠊ4%࣐࡛࣍ࣝࣜࣥ
ᅛᐃࡋࠊ0.1%Titon-X(࿴ග⣧ᙺᕤᴗओ)࡛ᾐ㏱໬ฎ⌮ࠊActi-stainTM 488 Fluorescent 
Phalloidin࡟ࡼࡗ࡚ᰁⰍࡋࡓᚋ࡟ඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹࡋࡓࠋ࡞࠾ࠊ
ྛヨᩱ⃰ᗘࡣ⣽⬊ࡢቑṪ࡟ᙳ㡪ࢆ୚࠼࡞࠸⃰ᗘ࡜ࡋࡓࠋࡲࡓࠊほᐹ࡟ࡣࠊග※࡟
He-Ne࣮ࣞࢨ࣮(Ex : 633 nm,Em 㸸649 - 740 nm)ࠊAr࣮ࣞࢨ࣮(Ex : 488 nm,Em : 
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505 – 555 nm)ࢆ⏝࠸ࡓ 
 
5-2-5 Invasion assayࢆ⏝࠸ࡓࡀࢇ⣽⬊ࡢᾐ₶ᢚไヨ㦂 
 
 ⏕యෆࡢࡀࢇ⣽⬊ࡣࠊ⤖ྜ⤌⧊ࡸᇶᗏ⭷ࢆศゎࡋ࡞ࡀࡽ 3ḟඖ࡟ື࠸࡚࠸ࡿࠋ
ᇶᗏ⭷ࡢศゎࡣ⣽⬊㐠ືࡢඛ㐍㒊࡛࠶ࡿ௬㊊ඛ➃㒊࡛⾜ࢃࢀࠊᇶᗏ⭷ศゎ㓝⣲
ࡀᒁᅾࡋࡓ Invadopodiaࢆ᭱ึ࡟ᙧᡂࡍࡿ࡜ࡉࢀ࡚࠸ࡿ 77)ࠋࡀࢇ⣽⬊ࡢᾐ₶ࡣࡇ
ࡢ Invadopodiaࢆ୰ᚰ࡟㐍⾜ࡍࡿࠋᇶᗏ⭷ࢆศゎࡋࠊᾐ₶ࡍࡿ⬟ຊ㸦ᾐ₶⬟㸧ࢆ
in vitro࡟࠾࠸࡚ ᐃࡍࡿࣔࢹࣝ࡜ࡋ࡚⏝࠸ࡽࢀ࡚࠸ࡿࡢࡀ Invasion assay78-80)࡛ࠊ
Boyden Chamber assay81)ࡀࡼࡃ⏝࠸ࡽࢀ࡚࠸ࡿࠋࡇࡢ ᐃ⣔࡟࠾࠸࡚ࠊinsert࡟⿕
そࡉࢀࡓMatrigel82)ࡣᇶᗏ⭷ࣔࢹࣝ࡜࡞ࡿࠋㄏᑟ≀㉁࡜ࡋ࡚ FBSࢆ⏝࠸࡚ࠊ↓⾑
Ύᇵᆅ୰࠿ࡽMatrigelࢆᾐ₶࣭ศゎࡋࠊinsertᗏ㠃࡟ከᩘᏑᅾࡍࡿ 8μmᏍࢆ㏻ࡗ
࡚ୗᒙࡲ࡛⛣ືࡍࡿ(Fig. 5-1)ࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5-1 Schematic representation of invasion assay. 
 
Matrigel ࢆ⿕そࡋࡓ Corning®Matrigel® Invasion Chamber 24-Well Plate 8.0 
Micron (CORNING)ࡢྛ Insert࡜ྛ Chamberࢆ↓⾑Ύᇵᆅ࡟ࡼࡾࠊ37°Cࠊ5%CO2
࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮࡛ 2᫬㛫Ỉ࿴ฎ⌮ࢆ⾜ࡗࡓᚋࠊ↓⾑Ύᇵᆅࢆ㝖ཤࡋࡓࠋBxPC-
3⣽⬊ࢆ 5.0×104 cells / ml࡜࡞ࡿࡼ࠺࡟⣽⬊ᠱ⃮ᾮ㸦↓⾑Ύᇵᆅ㸧ࢆㄪ〇ࡋࠊinse rt
࡟᧛✀ࡋࡓྠࠋ ᫬࡟ࢢࣝࢥ࣮ࢫ࠶ࡿ࠸ࡣྛ⃰ᗘࡢヨᩱ⁐ᾮ(0.1ࠊ0.2mM)ࢆῧຍࡋࠊ
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ୗ㒊ࡢ Chamber ࡟ࡣࠊ10%FBS ྵ᭷ᇵᆅࢆẼἻࡀධࡽ࡞࠸ࡼ࠺࡟ຍ࠼ࠊ37°Cࠊ
5%CO2࢖࣮ࣥ࢟ࣗ࣋ࢱ࣮ෆ࡛ 72᫬㛫ᇵ㣴ࡋࡓࠋControl࡟ࡣࠊMatrigel insertࢆ
౑⏝ࡋࡓࠋᇵ㣴ᚋࠊinsertෆࡢ㠀ᾐ₶⣽⬊࡜Matrigelࢆ PBSࢆࡘࡅࡓ⥥Წ࡛㝖ཤ
ᚋࠊ100%࢚ࢱࣀ࣮࡛ࣝ 30ศ㛫ᅛᐃࡋࠊ0.1%Crystal violet / 100% ࢚ࢱࣀ࣮ࣝࢆ⏝
࠸࡚ 30ศ㛫ᐊ ࡛ᰁⰍࡋࠊCCD࣓࢝ࣛ㸦DS-FilࠊNikon㸧ࢆࡘࡅࡓ఩┦ᕪ㢧ᚤ㙾
㸦ECLIPSE TS100ࠊNikon㸧ࢆ⏝࠸࡚ࠊ㢧ᚤ㙾෗┿ࢆ᧜ᙳࡋࡓࠋ 
 
5-2-6 ࣇ࣮ࣟࢧ࢖ࢺ࣓ࢺ࣮ࣜ࡟ࡼࡿMT1-MMP(MMP14)ࡢ ᐃ 
 
 MMP ࡟ࡣࠊศἪᆺ MMP ࡜⭷⾲ᅾᆺ Membrance type-1 MMP(MT1-MMP : 
MMP14)ࡀᏑᅾࡍࡿࠋศἪᆺMMPࡢάᛶ໬࡟ࡣMT1-MMPࡢάᛶ໬ࡀᚲせ࡛࠶
ࡿ஦࠿ࡽ MT1-MMP ࡢάᛶ໬ࡇࡑࡀࡀࢇ⣽⬊ࡢᾐ₶ࡢጞࡲࡾ࡜ࡉࢀࡿࠋMT1-
MMPࡣ⣽⬊⭷⾲㠃ࠊ≉࡟ᾐ₶✺㉳ୖ࡟ከࡃⓎ⌧ࡋ࡚࠸ࡿࠋᾐ₶✺㉳⭷⾲㠃ୖ࡛
஧㔞యࢆᙧᡂࡋࠊ⏕యෆ࡟᪊ࡅࡿMMP㜼ᐖ≀㉁࡛࠶ࡿ TIMP࠿ࡽศἪᆺ MMP
ࢆษࡾ㞳ࡍ஦࡛άᛶ໬ࡉࡏࡿࠋάᛶ໬ࡋࡓศἪᆺMMPࡣࠊᇶᗏ⭷ࡢศゎࢆಁ㐍
ࡉࡏࠊᾐ₶ࢆ㐍⾜ࡉࡏࡿ 83) (Fig. 5-2)ࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5-2 Schematic representation of MT1-MMP (MMP14). 
 
 ᡤᐃࡢ⣽⬊ᩘ㸦ึᮇ⣽⬊ᩘ 5.0×104 cells / ml㸧࡛ BxPC-3⣽⬊ࢆ 24᫬㛫๓ᇵ㣴
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ࡋࡓࠋ๓ᇵ㣴ᚋࠊヨᩱࢆῧຍࡋࠊࡉࡽ࡟ 24᫬㛫ᇵ㣴ࢆ⾜ࡗࡓࠋᇵ㣴⤊஢ᚋࠊ⣽
⬊ࢆᅇ཰ࡋࠊ4000rpm,5min࡛㐲ᚰࡋࠊ࢝࢘ࣥࢺࡍࡿࠋ100୓ cells/ml࡜࡞ࡿࡼ࠺
࡟ࠊPBS ࡛ᠱ⃮ࡋ 4%࣐࡛࣍ࣝࣜࣥ 10 ศ㛫ᅛᐃࢆ⾜ࡗࡓࠋࡑࡢᚋࠊ㐲ᚰࡋࡓࠋ
㐲ᚰᚋ 0.1%Triton-X࡛ 5 ศ㛫ᾐ㏱໬ࢆ⾜࠸ࠊ㐲ᚰࢆ⾜ࡗࡓࠋPBS ࡛Ὑίࡋࠊୖ
⃈ࡳ㝖ཤᚋ࡟ 80μl ࡢ PBS ࡟ 20μl ࡢ FcR ᢠయ࡛ࣈࣟࢵ࢟ࣥࢢࢆ⾜࠸ࠊ෭ᬯᡤ
(4°C)࡛ 15ศ㛫ฎ⌮ࡋࡓࠋࡑࡢᚋࠊHuman MMP-14/MT1-MMP Alexa Fluor® 488-
conjugated Antibodyࢆ 5μlධࢀࠊࣆ࣌ࢵࢸ࢕ࣥࢢࡋࠊᬯᡤᐊ ࡛ 30 ศ㛫ᰁⰍࡋ
ࡓࠋᰁⰍᚋࠊ⣽⬊ࢆ㐲ᚰࡋࠊPBS(-)࡛Ὑίࢆ 2ᅇ⾜ࡗࡓࠋࡑࡢᚋ 500μlࡢ PBS (-)
ࢆຍ࠼ࠊࣇ࣮ࣟࢧ࢖ࢺࢳ࣮ࣗࣈ࡟⛣ࡋ ᐃࡋࡓࠋ 
 ࣇ࣮ࣟࢧ࢖ࢺ࣓࣮ࢱ࣮࡟ࡼࡿゎᯒࡣග※࡟ 488nmࡢ✵෭ Ar ࣮ࣞࢨ࣮ࢆฟຊ
15mW࡛౑⏝ࡋ FL1ࢭࣥࢧ࣮(505-545nm)࡛ࡢ᮲௳࡛⺯ගࢆ᳨ฟࡋࡓࠋ 
 
5-2-7 ELISAἲࢆ⏝࠸ࡓศἪᆺMMP㸦MMP2㸧ࡢ ᐃ 
 
 MMP2 ࡣ MT1-MMP ࡟ࡼࡗ࡚άᛶ໬ࡉࢀࡿ࡜ゝࢃࢀ࡚࠸ࡿࠋࡑࡢ࣓࢝ࢽࢬ࣒
ࡣࠊࡲࡎࠊ⣽⬊⾲㠃࡟࠶ࡿ MT1-MMP ࡟ Tissue inhibitor of metalloproteinases 
2(TIMP2)ࡢ࢔࣑ࣀᮎ➃ࡀ⤖ྜࡍࡿࠋḟ࡟ࠊMMP2ࡣ TIMP2ࡢ࢝ࣝ࣎࢟ࢩᮎ➃࡜
⤖ྜࡍࡿࡇ࡜࡛MT1-MMP/TIMP2/MMP2ࡢ 3ศᏊ」ྜయࢆᙧᡂࡍࡿࠋ」ྜయ୰
ࡢ MMP2 ࡣ㏆ࡃࡢ MT1-MMP ࡟ࡼࡗ࡚࢔࣑ࣀᮎ➃ࡀษ᩿ࡉࢀ࡚άᛶ໬ࡉࢀࡿࠋ
άᛶ໬ࡉࢀࡓMMP2ࡣ⣽⬊ࡢ⾲㠃࡛ᶵ⬟ࡍࡿࠋࡇࡢάᛶ໬ᆺMMP2ࡣ࿘㎶ࡢ⣽
⬊እ࣐ࢺࣜࢵࢡࢫࢆศゎࡍࡿ(Fig.5-3)ࠋࡲࡓࠊMT1-MMPࡶࢥ࣮ࣛࢤࣥࢆࡣࡌࡵ
࡜ࡍࡿ⣽⬊እ࣐ࢺࣜࢵࢡࢫࡢᡂศࢆศゎࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿ 84)ࠋ௨
ୖࡢࡇ࡜࠿ࡽࠊMMP2 ࡜ MT1-MMP ࡣ⣽⬊ࡢᾐ₶࡟῝ࡃ㛵୚ࡋ࡚࠸ࡿ࡜⪃࠼ࡽ
ࢀ࡚࠸ࡿࠋ 
Fig.5-3 MMP2 activation mechanism by MT1-MMP 
 
 ᡤᐃࡢ⣽⬊ᩘ㸦ึᮇ⣽⬊ᩘ 5.0×104 cells / ml㸧࡛ BxPC-3⣽⬊ࢆ኱ࢹ࢕ࢵࢩࣗ
࡟᧛✀ࡋࠊ24᫬㛫ᇵ㣴ࡋࡓࠋࡉࡽ࡟ࠊヨᩱ⁐ᾮࢆῧຍᚋ 37rCࠊ5%CO2᮲௳ୗ
₯ᅾᆺ
MMP2
άᛶ໬ᆺ
MMP2MT1-MMP
TIMP2
3ศᏊ」ྜయ
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࡛ 24᫬㛫ᇵ㣴ࡋࡓࠋ24᫬㛫ᚋࠊࢹ࢕ࢵࢩࣗෆࡢᇵᆅࢆࢹ࢕ࢫ࣏ࡢ㐲ᚰ⟶࡟ᅇ཰
ࡋࠊ⁐ᾮ୰ࡢ⣽⬊ࢆ㝖ࡃࡓࡵࠊ1000rpm࡛ 5ศ㛫㐲ᚰࡋ⣽⬊ᇵ㣴ୖ⃈ࡳࢆసࡗࡓ
㸦ࡇࢀࢆ ELISA࡟౑⏝ࡋࡓ㸧ࠋࡑࡋ࡚ࠊtrypsin/EDTA࡛⣽⬊ࢆᅇ཰ࡋ࢝࢘ࣥࢺࡋ
ࡓࠋELISA kit௜ᒓࡢ 96wellࣉ࣮ࣞࢺࡢྛ well࡟ Assay diluents RD1-116ࢆ 50μl
ࡎࡘῧຍࡋࡓࠋྛ well࡟ 50μlࡎࡘࠊStandard, Control࠾ࡼࡧヨᩱࢆຍ࠼௜ᒓࡢ
ࣉ࣮ࣞࢺࢩ࣮࣮ࣛࢆ㈞ࡾࠊᐊ ࡛ 2᫬㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓࠋ2᫬㛫ᚋࠊྛ well
ෆࡢ⁐ᾮࢆ㝖ཤࡋࠊὙίࢆ 4 ᅇ⾜ࡗࡓ㸦᭱ᚋࡢὙίᚋࡣ࣒࢟ࢱ࢜ࣝ࡟㍍ࡃ྇ࡁ
ࡘࡅᾮయࢆ᏶඲࡟ྲྀࡾ㝖࠸ࡓ㸧ࠋྛ well࡟ Total MMP2-Conjugateࢆ 200μlῧຍࡋ
ࣉ࣮ࣞࢺࢩ࣮ࣛ̿ࢆࡘࡅᐊ ࡛ 2 ᫬㛫ᇵ㣴ࡋࡓࠋ2 ᫬㛫ᚋࠊ4 ᅇὙίࢆ⾜ࡗࡓࠋ
ྛ well࡟ᇶ㉁⁐ᾮࢆ 200μlࡎࡘῧຍࡋࠊ30ศᐊ ࡛ᇵ㣴ࡋࡓࠋࡇࡢ᫬㐽ගࡋ࡚
⾜ࡗࡓࠋ30ศᚋ࡟ྛ well࡟ 50μlࡢ೵Ṇ⁐ᾮࢆῧຍࡋࡓࠋࡇࡢ᫬࡟Ⰽࡀ㟷࠿ࡽ㯤
Ⰽ࡟ኚࢃࡽ࡞࠸ሙྜࡣ㍍ࡃࢱࢵࣆࣥࢢࡋΰ࿴ࡉࡏࡓࠋ30 ศ௨ෆ࡟࣐࢖ࢡࣟࣉࣞ
࣮ࢺ࣮ࣜࢲ࣮࡛ ᐃࡋࡓࠋ 
 
5-2-8 ELISAἲࢆ⏝࠸ࡓศἪᆺMMP㸦MMP9㸧ࡢ ᐃ 
 
 ᡤᐃࡢ⣽⬊ᩘ㸦ึᮇ⣽⬊ᩘ 5.0×104 cells / ml㸧࡛ BxPC-3⣽⬊ࢆ኱ࢹ࢕ࢵࢩࣗ
࡟᧛✀ࡋࠊ24᫬㛫ᇵ㣴ࡋࡓࠋࡉࡽ࡟ࠊヨᩱ⁐ᾮࢆῧຍᚋ 37°Cࠊ5%CO2᮲௳ୗ࡛
24᫬㛫ᇵ㣴ࡋࡓࠋ24᫬㛫ᚋࠊࢹ࢕ࢵࢩࣗෆࡢᇵᆅࢆࢹ࢕ࢫ࣏ࡢ㐲ᚰ⟶࡟ᅇ཰ࡋࠊ
⁐ᾮ୰ࡢ⣽⬊ࢆ㝖ࡃࡓࡵࠊ1000rpm࡛ 5ศ㛫㐲ᚰࡋ⣽⬊ᇵ㣴ୖ⃈ࡳࢆసࡗࡓ㸦ࡇ
ࢀࢆ ELISA࡟౑⏝ࡋࡓ㸧ࠋࡑࡋ࡚ࠊtrypsin/EDTA࡛⣽⬊ࢆᅇ཰ࡋ࢝࢘ࣥࢺࡋࡓࠋ
ELISA kit௜ᒓࡢ 96wellࣉ࣮ࣞࢺࡢྛ well࡟ Assay diluents RD1-34ࢆ 50μlࡎࡘ
ῧຍࡋࡓࠋྛ well࡟ 50μlࡎࡘࠊStandard, Control࠾ࡼࡧヨᩱࢆຍ࠼௜ᒓࡢࣉࣞ
࣮ࢺࢩ࣮࣮ࣛࢆ㈞ࡾࠊᐊ ࡛ 2᫬㛫࢖࣮ࣥ࢟ࣗ࣋ࢺࡋࡓࠋ2᫬㛫ᚋྛࠊ wellෆࡢ
⁐ᾮࢆ㝖ཤࡋࠊὙίࢆ 4 ᅇ⾜ࡗࡓ㸦᭱ᚋࡢὙίᚋࡣ࣒࢟ࢱ࢜ࣝ࡟㍍ࡃ྇ࡁࡘࡅ
ᾮయࢆ᏶඲࡟ྲྀࡾ㝖࠸ࡓ㸧ࠋྛ well࡟ Human MMP9-Conjugateࢆ 200μlῧຍࡋࣉ
࣮ࣞࢺࢩ࣮ࣛ̿ࢆࡘࡅᐊ ࡛ 2᫬㛫ᇵ㣴ࡋࡓࠋ2᫬㛫ᚋࠊ4ᅇὙίࢆ⾜ࡗࡓࠋྛ
well࡟ᇶ㉁⁐ᾮࢆ 200μlࡎࡘῧຍࡋࠊ30 ศᐊ ࡛ᇵ㣴ࡋࡓࠋࡇࡢ᫬㐽ගࡋ࡚⾜
ࡗࡓࠋ30ศᚋ࡟ྛ well࡟ 50μlࡢ೵Ṇ⁐ᾮࢆῧຍࡋࡓࠋࡇࡢ᫬࡟Ⰽࡀ㟷࠿ࡽ㯤Ⰽ
࡟ኚࢃࡽ࡞࠸ሙྜࡣ㍍ࡃࢱࢵࣆࣥࢢࡋΰ࿴ࡉࡏࡓࠋ30 ศ௨ෆ࡟࣐࢖ࢡࣟࣉ࣮ࣞ
ࢺ࣮ࣜࢲ࣮࡛ ᐃࡋࡓࠋ㸦Fig. 5-4㸧 
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Fig. 5-4 Schematic representation of MMP. 
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5-3 ⤖ᯝ࡜⪃ᐹ 
 
5-3-1 ࣄࢺ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿ㌿⛣ᢚไຠᯝ 
 
⣽⬊㦵᱁࡛࠶ࡿ F࢔ࢡࢳࣥࢆ Acti-stain 488 Fluorescent Phalloidin࡟ࡼࡗ࡚ᰁⰍ
ࡋࠊCLࡢ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡍࡿ௬㊊ᙧᡂᢚไຠᯝࢆࠊඹ↔Ⅼ࣮ࣞࢨ࣮
㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹࡋࡓࠋ⤖ᯝࢆ Fig. 5-5࡟♧ࡍࠋControlࠊDMPC༢୍࣏ࣜࢯ࣮
࣒࠾ࡼࡧ HL ࢆῧຍࡋࡓ⣽⬊࡛ࡣⴥ≧࠾ࡼࡧ⣒≧௬㊊ࡀከᩘほᐹࡉࢀࡓࡢ࡟ᑐ
ࡋࠊCLࢆῧຍࡋࡓ⣽⬊࡛ࡣࠊ௬㊊ࡀᑡ࡞࠿ࡗࡓࠋ 
 CLࡢ BxPC-3⣽⬊࡟ᑐࡍࡿ⛣ື⬟ᢚไຠᯝࢆ Scratch assay࡟ࡼࡾࠊಽ❧ᆺ⺯
ග㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹࡋ᳨ウࡋࡓࠋࡲࡓࠊImageJ ࢆ౑⏝ࡋ࡚ࠊ๤㞳㠃࡬⛣ືࡋ
ࡓ⣽⬊ࡢ㠃✚ࢆᐃ㔞໬ࡋࡓࠋ 
 ಽ❧ᆺ⺯ග㢧ᚤ㙾ࢆ⏝࠸࡚᧜ᙳࡋࡓほᐹ⤖ᯝࢆ Fig. 5-6࡟♧ࡍࠋ㟷ࡢࣛ࢖ࣥࡀ
⣽⬊๤㞳┤ᚋࢆ♧ࡋࠊ㯤Ⰽࡢࣛ࢖ࣥࡣヨᩱࢆῧຍᚋ 24᫬㛫ࡢ⣽⬊๤㞳㠃ࢆ♧ࡋ
࡚࠸ࡿࠋCL ࢆῧຍࡋࡓ⣽⬊࡛ࡣ Control࡜ẚ㍑ࡋ࡚ࠊ⣽⬊๤㞳㠃࡟ᕪࡀぢࡽࢀ
ࡎ⛣ືࡋࡓ⣽⬊ࡀᑡ࡞࠿ࡗࡓࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋࡲࡓࠊ⣽⬊๤㞳㠃ࢆᐃ㔞໬ࡋࡓ
ࢢࣛࣇࢆ Fig. 5-7 ࡟♧ࡍࠋCLࢆῧຍࡋࡓ⣽⬊࡛ࡣ௚ࡢヨᩱ࡜ẚ㍑ࡋ࡚⣽⬊ࡢ⛣
ື㠃✚ࡀᑡ࡞ࡃࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿ㐟㉮ᢚไຠᯝࡀ
᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
 ௨ୖࡼࡾࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿ௬㊊ᙧᡂ࠾ࡼࡧ㐟㉮
ࢆᢚไࡋࡓࡇ࡜࠿ࡽࠊ㌿⛣ᢚไຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
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Fig. 5-5 Micrographs of BxPC-3 cells treated with CL for 24h using confocal laser 
microscope. 
Scale bar: 20 μm. 
CL: [DMPC] = 0.2mM, [C12(EO)21] = 0.012mM, [2C14ECl] = 0.018 mM. 
Arrow: pseudopodium. 
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HL21 CL 
Control DMPC 
Fig. 5-6 Inhibitory effects of CL on the migration of BxPC-3 cells using wound scratch 
assay. Blue line indicate initial wound area ; orange line demarcate 
migrating cells after incubation for 24h. 
Scale bar: 250 μm. 
CL: [DMPC] = 0.2mM, [C12(EO)21] = 0.012mM, [2C14ECl] = 0.018 mM. 
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Fig. 5-7 Relative scratch area of BxPC-3 cells treated with CL for 24h. 
*p < 0.05 (vs. Control, DMPC, HL). 
CL: [DMPC] = 0.2mM, [C12(EO)21] = 0.012mM, [2C14ECl] = 0.018 mM. 
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5-3-2 ࣄࢺ⮅⮚ࡀࢇ⣽⬊࡟ᑐࡍࡿᾐ₶ᢚไຠᯝ 
 
 CLࡢ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡍࡿᾐ₶ᢚไຠᯝࡢ᳨ウࢆ Invasion assay ࢆ
⏝࠸࡚⾜ࡗࡓࠋࡲࡓࠊᾐ₶⣽⬊ᩘࡢほᐹࡣ఩┦ᕪ㢧ᚤ㙾ࢆ⏝࠸࡚⾜ࡗࡓࠋ⤖ᯝࢆ
Fig. 5-8࠾ࡼࡧ Fig. 5-9 ࡟♧ࡍࠋ⃰ᗘ 0.1mM࡛ฎ⌮ࡋࡓሙྜࠊControlࠊDMPCࠊ
HL21 ࢆῧຍࡋࡓ⣽⬊࡛ࡣᾐ₶⣽⬊ࡀከᩘ☜ㄆࡉࢀࡓࡢ࡟ᑐࡋࠊCL ࢆῧຍࡋࡓ
⣽⬊࡛ࡣᾐ₶⣽⬊ࡀᑡ࡞ࡃࠊᾐ₶ࢆ㢧ⴭ࡟ᢚไࡍࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋࡲࡓ⃰ࠊ
ᗘ 0.2mM࡛ฎ⌮ࡋࡓ᫬ࡢ⤖ᯝ࡟࠾࠸࡚ࡶྠᵝࡢ⤖ᯝࡀᚓࡽࢀࠊ⃰ᗘ౫Ꮡⓗ࡟ᾐ
₶ࢆᢚไࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
ḟ࡟ࠊBxPC-3⣽⬊ࡢMMP14Ⓨ⌧㔞ࡢኚ໬࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋࣄࢫࢺࢢ
࣒ࣛࡢ⺯ග㔞ࢆᩘ್໬ࡋࠊControlࡢ⺯ග㔞ࢆ100࡜ࡋࡓ᫬ࡢ┦ᑐ⺯ග㔞ࢆ♧ࡍࠋ 
CLࢆῧຍࡋࡓ⣽⬊࡛ࡣ Control࡜ẚ㍑ࡋ࡚⺯ග㔞ࡀῶᑡࡋࠊMMP14ࡢⓎ⌧ࢆᢚ
ไࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓ(Fig. 5-10)ࠋ 
BxPC-3 ⣽⬊ࡢศἪᆺ MMP ࡛࠶ࡿࠊMMP2 ࠾ࡼࡧ MMP9 Ⓨ⌧㔞ࡢኚ໬࡟ࡘ
࠸࡚ࠊELISAἲࢆ⏝࠸᳨࡚ウࡋࡓࠋMMP2࠾ࡼࡧMMP9㔞ࡢ ᐃࡢ⤖ᯝࢆ F ig. 
5-11, Fig. 5-12࡟♧ࡍࠋCLࢆῧຍࡋࡓ⣽⬊࡛ࡣࠊControl࠾ࡼࡧ DMPC༢୍࣏ࣜ
ࢯ࣮࣒࡜ẚ㍑ࡋ࡚ࠊMMP2࠾ࡼࡧMMP9㔞ࡀ᭷఩࡟ῶᑡࡋࡓࠋ 
 
 ௨ୖࡢ⤖ᯝ࠿ࡽࠊᾐ₶࡟࠾࠸࡚ࠊCLࡣBxPC-3⣽⬊ࡢᾐ₶ࢆᢚไࡍࡿ㐣⛬࡛ࠊ
MMP14ࠊMMP2࠾ࡼࡧMMP9ࡢάᛶࢆᢚไࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
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Fig. 5-8 Inhibitory effects of CL on the invasion of BxPC-3 cells. 
Magnification㸸×20. 
[DMPC]= 0.1m M, 0.2m M, [C12(EO)21]= 0.0057m M, 0.011mM, 
[2C14ECl]= 0.009m M, 0.018 M. 
Scale bar : 50μm. 
Arrows : invasive cells. 
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Fig. 5-9 Relative invaded cell number of BxPC-3 cells treated with CL for 72h.  
Data represent the mean (n=4-8) ± S.E. 
*p < 0.05(vs. Control, DMPC). 
[DMPC]= 0.1m M, 0.2m M, [C12(EO)21]= 0.0057m M, 0.011mM, 
[2C14ECl]= 0.009m M, 0.018 M. 
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Fig. 5-10 Relative expression values of MT1-MMP(MMP14) in BxPC-3 cells treated 
with CL for 24h. 
Data represent the mean (n=3) ± S.E.  
*p < 0.05(vs. Control, DMPC). 
[DMPC]= 0.1m M, [C12(EO)21]= 0.0057mM, [2C14ECl]= 0.009m M. 
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Fig. 5-11 Relative expression values of MMP2 in BxPC-3 cells treated with CL for 24h 
Data represent the mean ± S.E.  
*p < 0.05(vs. Control). 
[DMPC]= 0.1m M, [C12(EO)21]= 0.0057mM, [2C14ECl]= 0.009m M. 
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Fig. 5-12 Relative expression values of MMP9 in BxPC-3 cells treated with CL for 24h 
Data represent the mean ± S.E.  
*p < 0.05(vs. Control) 
[DMPC]= 0.1m M, [C12(EO)21]= 0.0057mM, [2C14ECl]= 0.009m M 
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5-4 ⥲ᣓ 
 
1. CL࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣ௚ࡢヨᩱ࡜ẚ㍑ࡋ࡚ࠊ⣽⬊ࡢ௬㊊ࡢᙧᡂࡀᑡ࡞࠿ࡗࡓ
ࡇ࡜࠿ࡽࠊCLࡀ BxPC-3⣽⬊࡟ᑐࡋ࡚ࠊ௬㊊ࡢᙧᡂࢆᢚไࡍࡿࡇ࡜ࡀ᫂ࡽ࠿
࡜࡞ࡗࡓࠋ 
2. CL࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣ௚ࡢヨᩱ࡜ẚ㍑ࡋ࡚ࠊ⣽⬊ࡢ㐟㉮㠃✚ࡀ㢧ⴭ࡟ᑠࡉ࠿
ࡗࡓࡇ࡜࠿ࡽࠊCLࡀ⣽⬊ࡢ㐟㉮⬟ࢆᢚไࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
3. Invasion assay࡟࠾࠸࡚ࠊControlࠊDMPCࠊHL21࡛ࡣᾐ₶⣽⬊ࡀከᩘ☜ㄆࡉࢀ
ࡓࡀࠊCL࡛ࡣᾐ₶⣽⬊ࡀ㢧ⴭ࡟ᑡ࡞ࡃࠊ⃰ᗘ౫Ꮡⓗ࡟ᾐ₶ࢆᢚไࡍࡿࡇ࡜ࡀ
☜ㄆࡉࢀࡓࠋ 
 
4. CL࡛ฎ⌮ࡋࡓBxPC-3⣽⬊ࡣMMP14㔞ࡀῶᑡࡋࠊCLࡣBxPC-3⣽⬊࡟ᑐࡋࠊ
MT1-MMPࢆᢚไࡋࡓࠋ 
 
5. CL࡛ฎ⌮ࡋࡓ BxPC-3 ⣽⬊࡛ࡣࠊMMP2 ࠾ࡼࡧ MMP9 ࡀ᭷఩࡟ῶᑡࡋࠊCL
ࡣ BxPC-3 ⣽⬊࡟ᑐࡋ࡚ࠊMMP2 ࠾ࡼࡧ MMP9 ࢆᢚไࡍࡿࡇ࡜ࡀ☜ㄆࡉࢀ
ࡓࠋ 
 
௨ୖࡢ⤖ᯝ࠿ࡽ 87mol%DMPC/5mol%C12(EO)21/8mol%2C14ECl ࢝ࢳ࢜ࣥࣜ
࣏ࢯ࣮࣒ࡣ BxPC-3 ⣽⬊ࡢ௬㊊ᙧᡂ࠾ࡼࡧ㐟㉮ࢆᢚไࡍࡿࡇ࡜࠿ࡽ㌿⛣ᢚไຠ
ᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋᾐ₶࡟࠾࠸࡚ invasion assay࠿ࡽᾐ₶ࢆᢚไࡍࡿࡇ࡜ࡀ᫂
ࡽ࠿࡜࡞ࡗࡓࠋCLࡣ BxPC-3⣽⬊ࡢᾐ₶ࢆᢚไࡍࡿ㐣⛬࡛ࠊMMP14ࠊMMP2࠾
ࡼࡧMMP9ࡢάᛶࢆᢚไࡋ࡚࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 
 

➨ 6❶ ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢࣄࢺ⮅⮚ࡀࢇ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ 
ᑐࡍࡿ἞⒪ຠᯝ 

6-1 ᗎ 

 ᐇ㦂ື≀ࡣ[ᩍ⫱ࠊヨ㦂◊✲ࠊ⏕≀Ꮫⓗ〇๣ࡢ〇㐀ࠊࡑࡢ௚ࡢ⛉Ꮫୖࡢ฼⏝࡟
౪ࡍࡿࡓࡵࠊྜ┠ⓗ࡟⦾Ṫࡋࡓື≀]࡜ᐃ⩏ࡉࢀ࡚࠾ࡾࠊື≀ᐇ㦂ࡣ[ື≀࡟ఱࡽ
࠿ࡢᐇ㦂ฎ⨨ࢆຍ࠼࡚ࠊື≀ࡢ཯ᛂࢆほᐹࡍࡿࡇ࡜]࡜ᐃ⩏ࡉࢀ࡚࠸ࡿࠋヨ㦂◊
✲࡜ࡣࠊ኱Ꮫࡸ◊✲ᡤ࡞࡝࡛⾜ࢃࢀ࡚࠸ࡿᏛ⾡◊✲ࡸ௻ᴗ࡞࡝࡛⾜ࢃࢀ࡚࠸ࡿ
་⸆ရ࡞࡝ࡢᏳ඲ᛶヨ㦂࡞࡝࡟ศࡅࡽࢀࡿࠋᏛ⾡◊✲࡛ࡣከࡃࡢື≀✀ࢆᑡᩘ
⏝࠸࡚ᐇ㦂ࢆ⾜࠸ࠊ௻ᴗ࡞࡝࡛⾜ࢃࢀࡿᏳ඲ᛶヨ㦂࡛ࡣᑡᩘࡢື≀ࢆከࡃ⏝࠸
࡚⾜࠺ഴྥ࡟࠶ࡿ 85)ࠋ 
ᐇ㦂ື≀ࢆ⏝࠸ࡿᏛ⾡㡿ᇦࡣᗈ⠊ᅖ࡛ࠊ≉࡟་Ꮫࡸ⏕࿨⛉Ꮫ㡿ᇦࡢ་⸆ရ࡞
࡝ࡢ㛤Ⓨࠊ⏕࿨⌧㇟ࡸ⑌ᝈ࡟㛵ࡍࡿᇶ♏◊✲ࠊࡉࡽ࡟ࡣ་⸆ရࡸ໬Ꮫ≀㉁ࡢᏳ඲
ᛶヨ㦂ࡢ◊✲࡟฼⏝ࡉࢀࡿࠋ 
ᐇ㦂ື≀ࡢከࡃࡣ་⸆ရࡢᏳ඲ᛶヨ㦂࡟฼⏝ࡉࢀࠊᐇ㦂ື≀ࡢ౑⏝ᩘࡢ㐣༙
ᩘࡣ་⸆ရ㛵㐃௻ᴗ࡛⏝࠸ࡽࢀ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋᏳ඲ᛶヨ㦂ࡣẘᛶヨ㦂࡜
ࡶ࿧ࡤࢀ࡚࠾ࡾࠊᐇ㦂ື≀ࡸヨ㦂⟶ୖ࡛ࡢ⣽⬊ᐇ㦂ࢆ⏝࠸࡚་⸆ရࡸ໬Ꮫ≀㉁
ࡀᣢࡘẘᛶࢆ᫂ࡽ࠿࡜ࡍࡿࡓࡵ࡟⾜ࢃࢀࡿࠋ་⸆ရࡢ㛤Ⓨᕤ⛬ࢆ౛࡟ᣲࡆࡿࠋࡲ
ࡎ⸆๣ࡢᇶᮏᛶ㉁ࡀㄪ࡭ࡽࢀࡓᚋ࡟ື≀ࢆ⏝࠸ࡓ๓⮫ᗋヨ㦂ࡀ⾜ࢃࢀࡿࠋḟ࡟ࠊ
ேࢆᑐ㇟࡜ࡍࡿ⮫ᗋヨ㦂࡟⛣ࡿࠋ 
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Fig. 6-1 ᪂⸆ࡢ◊✲㛤Ⓨࣇ࣮ࣟࢳ࣮ࣕࢺ 

ࡇࡇࡲ࡛ࡢᕤ⛬ࢆ㏻ࡿࡇ࡜࡛᪂⸆࡜ࡋ࡚ࡢᢎㄆ⏦ㄳࡀྍ⬟࡜࡞ࡿ(Fig. 5-1)ࠋ 
๓⮫ᗋヨ㦂࡛ࡣື≀ᐇ㦂࡟ࡼࡗ࡚⸆๣ࡢయෆືែࡸ⸆⌮࣭⸆ຠ࡜ྠ᫬࡟ᛴᛶ
ẘᛶࡸⓎ⒴ᛶ࡞࡝ࢆㄪ࡭ࡿࡇ࡜ࡀฟ᮶ࡿࠋࡲࡓࠊᏳ඲ᛶヨ㦂ࡣࢹ࣮ࢱࡢಙ㢗ࢆ☜
ಖࡍࡿࡓࡵ࡟ Good Laboratory Practice(GLP)ᇶ‽࡟ᚑ࠸ࠊៅ㔜࡟⾜ࢃࢀࡿ 86) 
 ᮏ❶࡛ࡣࠊ➨㸲❶࡟࠾࠸࡚ࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊࡟ᑐࡍࡿᢠ⭘⒆ຠᯝཬ
ࡧ࢔࣏ࢺ࣮ࢩࢫㄏᑟࡀ᫂ࡽ࠿࡟࡞ࡗ࡚࠸ࡿ 87mol%DMPC/ 5mol%C12(EO)21/ 
8mol%2C14ECl࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒(CL)ࡢ⮅⮚ࡀࢇࡢ⓶ୗ⛣᳜࠾ࡼࡧ⭡⭷᧛✀ࣔ
ࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ຠᯝࢆ᳨ウࡋࡓࠋࡲࡓࠊ⓶ୗ⭘⒆ษ∦ࢆస〇ࡋࠊTUNEL
ἲ࡟ࡼࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࡢほᐹࢆ⾜ࡗࡓࠋ 
  

6-2 ᐇ㦂 

6-2-1 ヨᩱ 
 
 ࣜࣥ⬡㉁(DMPC)ࠊ⏺㠃άᛶ๣(C12(EO)21)࠾ࡼࡧ࢝ࢳ࢜ࣥᛶ⬡㉁(2C14ECl)ࡣ 2-
2-1࡜ྠᵝࡢࡶࡢࢆ౑⏝ࡋࡓࠋ 

6-2-2 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇 
 
 ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢㄪ〇ࡣ 2-2-3࡜ྠᵝࡢ᪉ἲ࡛⾜ࡗࡓࠋ 
 
6-2-3 ືⓗගᩓ஘ἲ࡟ࡼࡿ⭷┤ᚄࡢ ᐃ 
 
 ືⓗගᩓ஘ἲ࡟ࡼࡿ ᐃࡣ 2-2-3࡜ྠᵝࡢ᪉ἲ࡛ ᐃࢆ⾜ࡗࡓࠋ 
 
6-2-4 ౑⏝⣽⬊ 
 
 ࣄࢺ⮅⮚ࡀࢇ(BxPC-3 : CRL1687)⣽⬊ࡣ American Type Culture Cellection (ATCC)
ࡼࡾ㉎ධࡋࡓࡶࡢࢆ౑⏝ࡋࡓࠋRPMI1640(Gibco BRL)+10% fetal bovine 
serum(FBS : HyClone Laboratories Inc.)ࢆᇵ㣴ᇵᆅ࡜ࡋ࡚⏝࠸ࠊ37°Cࠊ‵ᗘ 95㸣ࠊ
CO2⃰ᗘ 5㸣ࡢ᮲௳࡛ᇵ㣴ࢆ⾜ࡗࡓࠋ 
 
6-2-5 ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢస〇 
 
 ື≀ᐇ㦂ࡣࠊ”ᓫᇛ኱Ꮫ࡟࠾ࡅࡿື≀ᐇ㦂࡟㛵ࡍࡿᣦ㔪”࠾ࡼࡧ㛵㐃ἲ᱌ࢆ㡰Ᏺ
ࡋࠊᓫᇛ኱Ꮫື≀ᐇ㦂೔⌮ጤဨ఍ࡢᢎㄆᚋ࡟ᐇ᪋ࡋࡓࠋ 
 ື≀ࡣࠊ⇃ᮏ኱Ꮫࡢᒸ⏣ㄔ἞ඛ⏕࠿ࡽᜨ㉗࠸ࡓࡔ࠸ࡓ㧗ᗘච␿୙඲࣐࢘ࢫ
(Balb/c-R/J87), 㞝, 9~13㐌௧)ࢆ౑⏝ࡋࡓࠋᐊ  24±2°Cࠊ‵ᗘ 55±10%ࠊỈ࠾ࡼࡧ
㣵ࡣ࣮࢜ࢺࢡ࣮ࣞࣈ࡛⁛⳦ࡋࡓࡶࡢࢆ⮬⏤࡟ᦤྲྀࡉࡏࡓࠋ 
 ࣐࢘ࢫᚋ⫼㒊⓶ୗ࡟⮅⮚ࡀࢇ⣽⬊ࢆ⛣᳜(5.0×106 cells/body)ࡋࠊ⓶ୗ⛣᳜ࣔࢹ
࣐ࣝ࢘ࢫࢆస〇ࡋࡓࠋ⛣᳜ᚋࡣయ㔜 ᐃ࠾ࡼࡧ⭘⒆య✚ࡢ ᐃࢆ⾜ࡗࡓࠋࡲࡓࠊ
⭘⒆య✚ࡣ 5-1ᘧ࡟ࡼࡾ⟬ฟࡋࡓࠋ 
⭘⒆య✚(mm3)=㛗ᚄ(mm)▷ᚄ(mm)▷ᚄ(mm)0.5 (6-1) 
 
 
 

6-2-6 ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂 
 
࣐࢘ࢫ࡟⮅⮚ࡀࢇ⣽⬊ࢆ⛣᳜(5.0×106 cells/body)ࡋࠊ⛣᳜ᚋ 7 ᪥┠ࡢ⭘⒆య✚
ࢆࡶ࡜࡟ࠊᒙู↓సⅭ໬ἲ࡟ࡼࡗ࡚⩌ศࡅࢆ⾜ࡗࡓࠋ⩌ศࡅᙜ᪥ࡼࡾࠊヨᩱࢆ⭘
⒆㏆᥋࡟ 50μl(Dose for DMPC = 33.9mg/kg)ࠊ1 ᪥ 1 ᅇࠊ28 ᪥㛫཯᚟ᢞ୚ࢆ⾜ࡗ
ࡓࠋࡲࡓࠊ⛣᳜ᙜ᪥ࡼࡾయ㔜࠾ࡼࡧ⭘⒆య✚ࢆ ᐃࡋࡓࠋ⭘⒆య✚ࡣ 5-1ᘧ࡟ᇶ
࡙ࡁ⟬ฟࡋࡓࠋ 
 ᢞ୚⤊஢⩣᪥࡟ࠊ㯞㓉ୗ࡛ゎ๗ࡋࠊ⭘⒆ࡢほᐹ࠾ࡼࡧ⭘⒆㔜㔞ࡢ ᐃࢆ⾜ࡗࡓࠋ 
 
6-2-7 TUNELἲ࡟ࡼࡿ࢔࣏ࢺ࣮ࢩࢫࡢ᳨ฟ 
 
 CLࡢ in vivo࡟࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࡢほᐹࡣࠊTUNELἲࢆ⏝࠸⤌⧊ษ∦
ほᐹ࡟ࡼࡾ⾜ࡗࡓࠋ 
 ࣐࢘ࢫᚋ⫼㒊⓶ୗ࡟⮅⮚ࡀࢇ⣽⬊ࢆ⓶ୗ⛣᳜ࡋࠊ⛣᳜ᚋ 7᪥┠ࡼࡾ 28᪥㛫཯
᚟ᢞ୚ࢆ⾜ࡗࡓࠋᢞ୚⤊஢⩣᪥࡟㯞㓉ୗ࡛ゎ๗ࡋ⭘⒆ࢆ᦬ฟࡋࡓࠋ᦬ฟᚋࠊ୰ୡ
࣐࣍ࣝࣜࣥ⁐ᾮࢆ⏝࠸࡚⤌⧊ᅛᐃࡋࠊࣃࣛࣇ࢕ࣥษ∦ࢆసᡂࡋࡓࠋࡑࡢᚋࠊ⵨␃
Ỉ࠾ࡼࡧ PBS(-)࡛Ὑίࡋࠊࣉࣟࢸ࢔࣮ࢮฎ⌮࠾ࡼࡧ㐣㓟໬Ỉ⣲Ỉ࡛ෆᅉᛶ࣌ࣝ
࢜࢟ࢩࢲ࣮ࢮࢆ㝖ཤࡋࡓࠋᶆᮏࢆ PBS(-)࡛Ὑίࡋࠊ3-3’-diaminobenzine(DAB)⁐
ᾮ࡟ࡼࡗ࡚ᰁⰍࡋࠊࡉࡽ࡟࣓ࢳࣝࢢ࣮ࣜࣥࢆ⏝࠸࡚᰾ࢆᰁⰍࡋࡓࠋ⤌⧊ษ∦ࡢほ
ᐹࡣ Nikon DS࣓࢝ࣛࢥࣥࢺ࣮ࣟࣝࣘࢽࢵࢺ࡛⾜ࡗࡓࠋ 

6-2-8 ⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫࡢస〇 
 
ື≀ࡣࠊ㧗ᗘච␿୙඲࣐࢘ࢫ(Balb/c-R/J, 㞝, 9~13 㐌௧)ࢆ౑⏝ࡋࡓࠋᐊ 
24±2°Cࠊ‵ᗘ 55±10%ࠊỈ࠾ࡼࡧ㣵ࡣ࣮࢜ࢺࢡ࣮ࣞࣈ࡛⁛⳦ࡋࡓࡶࡢࢆ⮬⏤࡟ᦤ
ྲྀࡉࡏࡓࠋ 
 ࣐࢘ࢫ⭡⭷࡟⮅⮚ࡀࢇ⣽⬊ࢆ⛣᳜(5.0×106 cells/body)ࡋࠊ⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘
ࢫࢆస〇ࡋࡓࠋ⛣᳜ᚋࡣయ㔜 ᐃࡢ ᐃࢆ⾜ࡗࡓࠋ 
 
6-2-9 ⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂 
 
࣐࢘ࢫ࡟⮅⮚ࡀࢇ⣽⬊ࢆ⛣᳜(5.0×106 cells/body)ࡋࠊ⛣᳜┤๓࡟య㔜ࢆࡶ࡜࡟ࠊ
ᒙู↓సⅭ໬ἲ࡟ࡼࡗ࡚⩌ศࡅࢆ⾜ࡗࡓࠋ⩌ศࡅᙜ᪥ࡼࡾࠊヨᩱࢆ⭡⭍࡟
10mg/kg(Dose for DMPC = 203mg/kg)࡛ 1᪥ 1ᅇࠊ28᪥㛫཯᚟ᢞ୚ࢆ⾜ࡗࡓࠋࡲ
ࡓࠊ⛣᳜ᙜ᪥ࡼࡾయ㔜ࢆ ᐃࡋࡓࠋ 
 ᢞ୚⤊஢⩣᪥࡟ࠊ㯞㓉ୗ࡛ゎ๗ࡋࠊ⭠㛫⭷⤖⠇ᩘࡢ࢝࢘ࣥࢺ࠾ࡼࡧ⭠㛫⭷ࡢ⭘

⒆㔜㔞ࡢ ᐃࢆ⾜ࡗࡓ 
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6-3 ⤖ᯝ࡜⪃ᐹ 
 
6-3-1 ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ἞⒪ຠᯝ 
 
 CLࡢ in vivo࡟࠾ࡅࡿ⮅⮚ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ຠᯝ
ࢆ᳨ウࡋࡓࠋ 
 ᢞ୚ᮇ㛫୰ࡢయ㔜 ᐃࡢ⤖ᯝࢆ Fig. 6-2 ࡟♧ࡍࠋ࣐࢘ࢫࡢయ㔜ࡣ඲࡚ࡢ⩌࡟
࠾࠸࡚␗ᖖ࡞ኚ໬ࡣぢࡽࢀࡎࠊControl⩌࡜ྠᵝ࡛ࡍ඲࡚ࡢヨᩱ࡟ẘᛶࡣࡳࡽࢀ
࡞࠿ࡗࡓࠋ 
 ᢞ୚ᮇ㛫୰ࡢ⭘⒆య✚ࡢ ᐃ⤖ᯝࢆ Fig.6-3࡟♧ࡍࠋᢞ୚⤊஢⩣᪥ࡢᖹᆒ⭘⒆
య✚ࡣ Control ⩌࡛ 448mm3ࠊDMPC ᢞ୚⩌࡛ 454mm3ࠊHL21 ᢞ୚⩌࡛
396mm3ࠊCLᢞ୚⩌࡛ 125mm3࡛࠶ࡾࠊControl⩌࠾ࡼࡧ௚ࡢヨᩱᢞ୚⩌࡜ẚ
㍑ࡋ࡚ CLᢞ୚⩌࡟࠾࠸࡚㢧ⴭ࡞⭘⒆ቑ኱࡟ᑐࡍࡿᢚไຠᯝࡀᚓࡽࢀࡓࠋ 
 ᢞ୚⤊஢⩣᪥࡟ゎ๗ࡋࠊ᦬ฟࡋࡓ⭘⒆ࡢほᐹ⤖ᯝࢆ Fig. 6-4 ࡟♧ࡍࠋ⫗║ⓗ
ほᐹ࠿ࡽ Control ⩌ࠊDMPC ࠾ࡼࡧ HL21 ᢞ୚⩌࡜ẚ㍑ࡋࠊCL ᢞ୚⩌࡛ࡣ⭘
⒆ࡢ኱ࡁࡉࡀ᭷ព࡟ᑠࡉࡃ࡞ࡗ࡚࠾ࡾࠊ἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
᦬ฟࡋࡓ⭘⒆㔜㔞ࡢ ᐃ⤖ᯝࢆ Fig. 6-5࡟♧ࡍࠋ⭘⒆ࡢᖹᆒ㔜㔞ࡣ Control⩌
࡛ 0.125gࠊDMPCᢞ୚⩌࡛ 0.13gࠊHL21ᢞ୚⩌࡛ 0.131gࠊCLᢞ୚⩌࡛ 0.083g
࡛࠶ࡾࠊCL ᢞ୚⩌࡛ࡣ⭘⒆㔜㔞ࡀ㢧ⴭ࡟ῶᑡࡋࠊ἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ௨ୖࡢ⤖ᯝ࠿ࡽࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡢ⮅⮚ࡀࢇ⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ
࡟ᑐࡍࡿ἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 

  
Fig. 6-2 Body weight change in xenograft mouse model of pancreatic cancer 
treated with CL after the inoculation of BxPC-3 cells. 
Data represent the mean (n=5)ʸS.E. 
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Fig. 6-3 Tumor volume change in xenograft mouse models of pancreatic cancer 
treated with CL after the inoculation of BxPC-3 cells. 
*pʽ0.05 (vs. Control). 
Data represent the mean (n=5)ʸS.E. 
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Fig. 6-4 Photographs of tumor in mouse models of pancreatic cancer 
treated with CL after the inoculation of BxPC-3cells. 
Scale bar: 1cm. 
 
Control DMPC 
HL CL 

  
0.00
0.04
0.08
0.12
0.16
Control DMPC HL21 CL
Tu
m
or
 w
ei
gh
t 
(g
)
Fig. 6-5 Tumor weight of xenograft mouse models of pancreatic cancer treated with 
CL after the inoculation of BxPC-3 cells. 
*p<0.05(vs.Control). 
Data represent the mean (n=5)ʸS.E. 
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6-3-2 ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ 
 
 CLࡢ in vivo࡟࠾ࡅࡿ⓶ୗ⭘⒆ࣔࢹ࣐ࣝ࢘ࢫ⭘⒆⤌⧊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫ
ㄏᑟ࡟ࡘ࠸᳨࡚ウࡋࡓࠋᢞ୚⤊஢⩣᪥࡟ゎ๗ࡋ᦬ฟࡋࡓ⭘⒆࠿ࡽࣃࣛࣇ࢕ࣥษ
∦ࢆస〇ࡋࠊTUNELἲ࡟ࡼࡾᰁⰍࡋࡓᚋ࡟㢧ᚤ㙾ほᐹࢆ⾜ࡗࡓࠋ⤖ᯝࢆ Fig.6-
6࡟♧ࡍࠋControl⩌ࠊDMPCᢞ୚⩌ࠊHLᢞ୚⩌࡛ࡣ TUNEL㝧ᛶ⣽⬊ࡀほᐹ
ࡉࢀ࡞࠿ࡗࡓࡢ࡟ᑐࡋࠊCLᢞ୚⩌࡛ࡣ࢔࣏ࢺ࣮ࢩࢫ⣽⬊ࡀほᐹࡉࢀࠊin vivo࡟
࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 ௨ୖࡢ⤖ᯝ࠿ࡽࠊ࢝ࢳ࣏࢜ࣥࣜࢯ࣮࣒ࡣ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫࡢ⭘⒆࡟ᑐࡋ
࡚ࠊ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 

 

 
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Fig. 6-6 Micrographs of subcutaneous tumor section in xenograft mouse models of 
pancreatic cancer treated with CL using TUNEL method. 
Circle: apoptotic cells. 
 Scale bar: 0.1cm. 
Magnification: ʹ40. 

6-3-3 ⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ຠᯝ 

 CLࡢ in vivo࡟࠾ࡅࡿ⮅⮚ࡀࢇ⣽⬊⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂
ࢆ⾜ࡗࡓࠋ࣐࢘ࢫయ㔜ࡢ ᐃ⤖ᯝࢆ Fig. 6-7࡟♧ࡍࠋCLᢞ୚⩌࡛␗ᖖ࡞య㔜ኚ
໬ࡣぢࡽࢀ࡞࠿ࡗࡓࠋ୍᪉ࠊControl⩌࡛ࡣࠊ21᪥┠௨㝆࡟⭘⒆ࡢቑ኱ࡋࡓᝏ
ᾮ㉁࡟ࡼࡿ㣗ḧపୗ࡜ᛮࢃࢀࡿ⤒᫬ⓗ࡞య㔜ࡢῶᑡࡀぢࡽࢀࡓࠋ 
 ᢞ୚⤊஢ 1᪥ᚋ࡟ゎ๗ࡋࡓ࡜ࡇࢁࠊ⭠㛫⭷ࡢᖹᆒ㔜㔞ࡣࠊControl⩌࡛ 0.219gࠊ
CLᢞ୚⩌࡛ 0.162g࡜࡞ࡾࠊControl⩌࡜ẚ㍑ࡋ࡚ CLᢞ୚⩌࡛ࡣᢠ⭘⒆ຠᯝࡀ☜
ㄆࡉࢀࡓ(Fig.6-8)ࠋ⭠㛫⭷ୖࡢ⭘⒆⤖⠇ᩘࢆ࢝࢘ࣥࢺࡋࡓ࡜ࡇࢁࠊControl ⩌࡜ẚ
㍑ࡋ࡚ CL ᢞ୚⩌࡛ࡣ⭘⒆⤖⠇ᩘࡀᑡ࡞࠿ࡗࡓ(Fig. 6-9)ࠋࡲࡓࠊ⫗║ⓗほᐹ࠿ࡽ
Control⩌࡟ẚ࡭ࠊCLᢞ୚⩌࡛ࡣ⭘⒆⤖⠇ࡢῶᑡࡀ☜ㄆࡉࢀࡓ(Fig. 6-10)ࠋ 
 ௨ୖࡢ⤖ᯝ࠿ࡽ BxPC-3⣽⬊⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ CLࡢ἞⒪ຠᯝࡀ
᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
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Fig. 6-7 Body weight change in peritoneal dissemination model mice of pancreatic cancer 
treated with CL after the inoculation of BxPC-3 cells. 
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Fig. 6-8 Mesentery weight in peritoneal dissemination model mice of pancreatic 
cancer treated with CL after the inoculation of BxPC-3 cells. 
*p < 0.05 (vs. Control). 
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Fig. 6-9 Number of tumor nodules on mesentery in mice treated CL after the 
inoculation of BxPC-3 cells. 
*p < 0.05 (vs. Control). 
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Control CL
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Fig.6-10 Photographs of mesentery in mice treated CL after the inoculation of BxPC-3 
cells. Scale bar : 1cm. 
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6-4 ⥲ᣓ

ᮏ❶࡛ࡣ 87mol%DMPC/5mol%C12(EO)21/8mol%2C14ECl ࢝ࢳ࣏࢜ࣥࣜࢯ࣮
࣒(CL)ࡢࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊ࡢ⓶ୗ⛣᳜࠾ࡼࡧ⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟
ᑐࡍࡿ἞⒪ຠᯝࢆ᳨ウࡋࠊ௨ୗࡢࡼ࠺࡞⯆࿡῝࠸▱ぢࡀᚓࡽࢀࡓࠋ 
 
1. ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂࡟࠾࠸࡚ࠊ࣐࢘ࢫࡢ㔜㔞ኚ໬࡛ࡣࠊ
DMPC ᢞ୚⩌ཬࡧ HL ᢞ୚⩌ࠊCL ᢞ୚⩌࡛␗ᖖ࡞య㔜ኚ໬ࡣぢࡽࢀࡎࠊ
Control⩌࡜ྠᵝࡢయ㔜᥎⛣࡛⤒᫬ⓗ࡟ቑຍࡋࠊ඲࡚ࡢヨᩱ࡛ẘᛶࡣぢࡽࢀ
࡞࠿ࡗࡓࠋ⓶ୗ⭘⒆య✚࡛ࡣ Control⩌ࠊDMPCᢞ୚⩌࠾ࡼࡧHL21ᢞ୚
⩌࡜ẚ㍑ࡋ࡚ࠊCLᢞ୚⩌࡛᭷ព࡞⭘⒆ቑ኱ᢚไຠᯝࡀ☜ㄆࡉࢀࡓࠋ⫗║ⓗ
ほᐹ࠿ࡽ Control⩌࡟ẚ࡭ࠊCLᢞ୚⩌࡛ࡣ⭘⒆ࡢ኱ࡁࡉࡀ⣙ 1/2࡜࡞ࡾࠊ⭘
⒆㔜㔞࡛ࡣ Control⩌࡜ẚ㍑ࡋ࡚ CLᢞ୚⩌࡛ࡣ 2/ 3࡜࡞ࡾ CLࡢ⮅⮚ࡀࢇ
⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ㢧ⴭ࡞἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
2. TUNELᰁⰍ࡟ࡼࡿ⓶ୗ⭘⒆⤌⧊ษ∦ࡢ⏬ീゎᯒ࠿ࡽࠊCLᢞ୚⩌࡟࠾࠸࡚
࢔࣏ࢺ࣮ࢩࢫㄏᑟ⣽⬊ࡀከࡃほᐹࡉࢀࠊin vivo࡟࠾ࡅࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࡀ
᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
3. ⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂࡟࠾࠸࡚ࠊ࣐࢘ࢫࡢ㔜㔞ኚ໬࡛ࡣࠊ
CL ᢞ୚⩌࡛␗ᖖ࡞య㔜ኚ໬ࡣぢࡽࢀࡎࠊẘᛶࡣぢࡽࢀ࡞࠿ࡗࡓࠋ୍᪉ࠊ
Control⩌࡛ࡣࠊ21᪥┠௨㝆࡟⭘⒆ࡀቑ኱ࡋࡓᝏᾮ㉁࡟ࡼࡿ㣗ḧపୗ࡜ᛮࢃ
ࢀࡿ⤒᫬ⓗ࡞య㔜ࡢῶᑡࡀぢࡽࢀࡓࠋࡲࡓࠊ⭠㛫⭷ࡢᖹᆒ㔜㔞ࡣࠊControl
⩌࡜ẚ㍑ࡋ࡚ࠊCLᢞ୚⩌࡛᭷ព࡟ῶᑡࡋࠊᢠ⭘⒆ຠᯝࡀ☜ㄆࡉࢀࡓࠋ⭠㛫
⭷ୖࡢ⭘⒆⤖⠇ᩘࢆ࢝࢘ࣥࢺࡋࡓ࡜ࡇࢁࠊControl⩌࡜ẚ㍑ࡋ࡚ CLᢞ୚⩌࡛
ࡣ⭘⒆⤖⠇ᩘࡀᑡ࡞ࡃࠊࡲࡓ⫗║ⓗほᐹ࠿ࡽ Control ⩌࡟ẚ࡭ࠊCL ᢞ୚⩌
࡛ࡣ⭘⒆⤖⠇ᩘࡢῶᑡࡀ☜ㄆࡉࢀࠊCL ࡢ⮅⮚ࡀࢇ⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟
ᑐࡍࡿ㢧ⴭ࡞἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
 
௨ୖࡢ⤖ᯝ࠿ࡽࠊ87mol%DMPC/5mol%C12(EO)21/8mol%2C14ECl࢝ࢳ࢜ࣥࣜ
࣏ࢯ࣮࣒ࡣ in vivo࡟࠾࠸࡚ࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟
ᑐࡋ࡚࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋࠊ἞⒪ຠᯝࢆ♧ࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡲ
ࡓࠊࣄࢺ⮅⮚ࡀࢇ(BxPC-3)⣽⬊⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ㢧ⴭ࡞἞⒪ຠᯝ
ࡀ☜ㄆࡉࢀࡓࠋ 

  

 ㄽ⥲ ❶7 ➨
 
⋡ᝈ⨯ࡢࢇࡀࠋࡿ࠶࡛ࢇࡀࡣࡢࡿ࠸࡚ࡵ༨ࢆ఩୍ࡢᅉṚࡿࡅ࠾࡟ᅜࡀ ᡃࠊᅾ⌧
Ṛࡿࡼ࡟ࢇࡀ⫵ࡧࡼ࠾ࢇࡀ⫶ࠊࢇࡀ⭠኱ࠊࡋຍቑ࡟㏿ᛴࡽ࠿ṓ㸮㸳࡟ࡶ࡜ዪ⏨ࡣ
⥺ᑕᨺࠊἲ⒪⾡ᡭ࡟୺ࠊࡀࡿ࠶ࡀ⫥ᢥ㑅࠿ࡘࡃ࠸ࡣ࡟ἲ⒪἞ࡢࢇࡀࠋ࠸㧗ࡀ⋡ஸ
ἲ⒪἞ࡢࢀࡎ࠸ࠊࡋ࠿ࡋࠋࡿࢀࡽࡆᣲࡀἲ⒪኱୕ࡿࢀࡤ࿧࡜ἲ⒪Ꮫ໬ࡧࡼ࠾ἲ⒪
 ࠋࡿࢀࡉ࡜㢟ㄢࡀῶ㍍ࡢࡑࠊࡾ࠶ࡀ㢟ၥࡢLOQ ࡢ⪅ᝈࡵࡓ࠺కࡀ⏝స๪ࡶ࡛
⭠⤖≧ S ࡣேᮏ᪥ࠋࡿ࠶࡛⛠⥲ࡢࢇࡀࡿࡍ⏕Ⓨ࡟⭠┤ࡧࡼ࠾⭠⤖ࡣࢇࡀ⭠኱
ࡇࡿࡍぢⓎ࡟ᮇ᪩ࡣࢇࡀ⭠኱ࠊࡾ࠾࡚ࢀࢃゝ࡜࠸ࡍࡸ᮶ฟࡀࢇࡀ࡟⭠┤ࡧࡼ࠾
ᮇ᪩ࠊࡋ࠿ࡋࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍ἞᏶ࡾࡼ࡟ἲ⒪⾡ᡭࡸ㝖ษⓗ㙾どෆࠊࡾࡼ࡟࡜
ከࡀ࡜ࡇࡿฟࡀ≧⑕࡚ࢀࡘ࡟ࡃ࠸࡚ࡋ⾜㐍ࡃ࡞࡝ࢇ࡜࡯ࡀ≧⑕ぬ⮬ࡣ࡛㝵ẁࡢ
ၥࡢࡃከࡣ࡟⒪἞ࡢࢇࡀ⭠኱ࠋࡿࢀࡽࡆᣲࡀ⑩ୗࡢᮇ㛗ࡸ౽⾑ࡣ࡚ࡋ࡜≧⑕ࠋ࠸
࡜ࡇࡿࡌ⏕ࡀ⑕ేྜࡢ➼ᰁឤ๰ࠊ඲୙ྜ⦭ࠊ࡟ᚋ⾡ࠊࡣ࡛ἲ⒪⾡ᡭࠊࡾ࠶ࡀⅬ㢟
୙ḧ㣗ࠊࡉࡿࡔࡸឤປ⑂ࠊࡣ࡟ἲ⒪⥺ᑕᨺࡿࢀࢃ⾜࡚ࡋ⾜୪࡜ἲ⒪⾡ᡭࠋࡿ࠶ࡀ
ࠊ⅖⭵⓶ࠊẼࡁྤࡸୗపᒁㅖࡿࡼ࡟๣ࢇࡀᢠࡣ࡟ἲ⒪Ꮫ໬ࠊࡃࡍࡸࡾࡇ㉳ࡀ࡝࡞᣺
 ࠋࡿ࠶ࡀ⏝స๪ࡢ࡝࡞ᑡῶࡢ⌫⾑ⓑ
ࠋࡿ࡞ࡃ㧗࡚ࢀࡘ࡟ࡿ࡞࡟㱋㧗ࠊࡁ࠸࡚ࡋຍቑࡽ࠿㡭ṓ06 ࡣ⋡ᝈ⨯ࡢࢇࡀ⮚⮅
࡟࠿ࡸ⦆ࡣ㝆௨ᖺ0991ࠊࡋຍቑ࡛ࡲ༙ᚋ௦ᖺ0891 ࡣ⋡ஸṚࡢࢇࡀ⮚⮅ࠊ࡟ࡽࡉ
ᖺ㸳ࠊࡃከࡀ࡜ࡇࡿ࠸࡚ࡋ⾜㐍ࡣ࡟᫬ࡿ࠿ࡘぢࡣࢇࡀ⮚⮅ࠋࡿ࠶࡟ྥഴࡿࡍຍቑ
࡟⾡ᡭࡣ⒪἞ࡢࢇࡀ⮚⮅ࠋࡿ࠸࡚ࢀࡤ࿧࡜ࢇࡀᛶ἞㞴ࠊࡵࡓࡢࡑࠋ࠸పࡀ⋡Ꮡ⏕
ࡗ࠿ࡘぢࠊࡋ࠿ࡋࠋࡿ᮶ฟࡀ࡜ࡇࡍ἞࡛࡜ࡇ࠺⾜ࢆ⾡ᡭࡣྜሙ࡞⬟ྍࡀ㝖ษࡿࡼ
࡛ࡍࠊࡃከࡀ࡜ࡇࡿ࠸࡚ࡗࡀᗈࡀࢇࡀ࡬⟶⾑ࡸ⛣㌿ࡢ࡬࡝࡞⫵ࡸ⮚⫢࡛Ⅼ᫬ࡓ
࡜⒪἞‽ᶆࡀἲ⒪ࡿࡍ⏝ేࢆἲ⒪≀⸆࡜ἲ⒪⥺ᑕᨺࠊࡵࡓࡿ࠶࡛⬟ྍ୙⾡ᡭ࡟
ࡿ࠸࡚ࡗ࡞࡜㢟ၥࡀ࡜ࡇࡿ࡛ࡀ⏝స๪࡞⠜㔜ࡣ࡟ἲ⒪Ꮫ໬ࠊࡋ࠿ࡋࠋࡿ࠸࡚ࢀࡉ
 ࠋࡿ࠸࡚ࢀࡽࡵồࡀ๣ࢇࡀᢠ࠸࡞ࡢ⏝స๪ࠊࡵࡓ
᭷ྵࢆ㉁⬡ᛶࣥ࢜ࢳ࢝࡟࣒࣮ࢯ࣏ࣜࢻࢵࣜࣈ࢖ࣁࡓࢀࡉⓎ㛤࡚ࡗࡼ࡟ࡽᮏᯇ
-CR-SO(ࢇࡀ⮚⭈ࢺࣄ࡚࠸࠾࡟oviv ni ࡧཬortiv niࠊࡣ࣒࣮ࢯ࣏ࣜࣥ࢜ࢳ࢝ࡓࡋ
࠿ࡽ᫂ࡀ࡜ࡇࡿࡍᑟㄏࢆࢫࢩ࣮ࢺ࣏࢔ࡧࡼ࠾ᯝຠไᢚṪቑ࠸㧗ࠊࡿࡍᑐ࡟⬊⣽)2
ࠊࡋ✚⵳ ྜ࣭⼥࡟ⓗᢥ㑅࡟⬊⣽)611TCH(ࢇࡀ⭠኱ࢺࣄࠊࡓࡲࠋ)23,13 ࡿ࠸࡚ࡗ࡞࡜
⬡ࡢ㟁Ⲵࢫࢼ࢖࣐ࡣLCࠋ)33 ࡿ࠸࡚ࡗ࡞࡜࠿ࡽ᫂ࡶ࡜ࡇࡿࡍᑟㄏࢆࢫࢩ࣮ࢺ࣏࢔
ࢺ࣏࢔ᚋࡢࡑࠊࡃࡍࡸࡋ✚⵳ྜ⼥࡛⏝స஫┦ⓗ㟁㟼࡟⭷⬊⣽ࢇࡀ࠸ከࡢ㔞ྵ㉁
ࢳ࢝࡟࣒࣮ࢯ࣏ࣜࢻࢵࣜࣈ࢖ࣁࠊࡣ✲◊ᮏࠋࡿ࠸࡚ࢀࡽ࠼⪃࡜ࡿࡍᑟㄏࢆࢫࢩ࣮
ࢇࡀ⭠኱ࢺࣄࡿࡅ࠾࡟ ortiv ni ࡢ࣒࣮ࢯ࣏ࣜࣥ࢜ࢳ࢝ࠊࡓࡋ᭷ྵࢆ㉁⬡ᛶࣥ࢜
ࢽ࣓࢝ࢇࡀไࡧཬᯝຠࢇࡀไࡿࡍᑐ࡟⬊⣽)3-CPxB(ࢇࡀ⮚⮅ࡧࡼ࠾)611TCH(
ࠋࡓࡋウ᳨࡚࠸ࡘ࡟ᯝຠ⒪἞ࡢ࣒࣮ࢯ࣏ࣜࣥ࢜ࢳ࢝ࡿࡅ࠾࡟oviv niࠊ᫂ゎࡢ࣒ࢬ
 ࠋࡿ࡭㏙࡟ぢ▱ࡿ࠶࿡⯆ࡓࢀࡽᚓ࡟࡜ࡈ❶ྛࠊୗ௨
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➨ 2 ❶࡛ࡣࠊࣜࣥ⬡㉁(DMPC)ࠊPEG⣔⏺㠃άᛶ๣(C12(EO)21ཬࡧ࢝ࢳ࢜ࣥᛶ
⬡㉁(2C14ECl)ࢆ⏝࠸࡚ 87mol%DMPC/5mol%C12(EO)21/8mol%2C14ECl࢝ࢳ࢜ࣥࣜ
࣏ࢯ࣮࣒(CL㸧ࢆ᪂ࡋࡃㄪ〇ࡋࠊ࣏ࣜࢯ࣮࣒ࡢᙧែཬࡧ 37°C ಖᏑ࡟࠾ࡅࡿ⭷≀
ᛶ࡟ࡘ࠸᳨࡚ウࡋࡓࠋ࡞࠾ࠊ⮫ᗋᛂ⏝ࢆ⪃៖ࡋࠊㄪ〇⁐፹࡟ 5%ࣈࢻ࢘⢾⁐ᾮࢆ
⏝࠸ㄪ〇ࡋࡓࠋືⓗගᩓ஘ἲ࡟ࡼࡿ⭷┤ᚄࡢ ᐃ࠿ࡽࠊCL ࡣ 37°C ಖᏑ࡛┤ᚄ
ࡀ⣙ 100nm࡛Ᏻᐃࡋࠊ㛗ᮇ㛫 37°C ࡛ࡢಖᏑࡀྍ⬟࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ
ࡓࠋ 
➨ 3❶࡛ࡣࠊCLࡢࣄࢺ኱⭠ࡀࢇ(HCT116)⣽⬊࡟ᑐࡍࡿไࡀࢇຠᯝ࡟ࡘ࠸᳨࡚
ウࡋࡓࠋࣄࢺṇᖖ኱⭠(CCD-33Co)ཬࡧ HCT116⣽⬊⭷ࡢ GM1ཬࡧ PS㔞 ᐃࡼ
ࡾࠊCCD-33Co⣽⬊࡜ẚ㍑ࡋ࡚ HCT116⣽⬊ࡣ CT-Bཬࡧ Annexin-Vࡢᙉ࠸⺯ග
ᙉᗘࡀ ᐃࡉࢀࠊGM1 ཬࡧ PS 㔞ࡀከ࠸ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ࣮ࣞࢨ࣮ࢻࢵࣉࣛ
࣮ἲࢆ⏝࠸ࡓ⣽⬊⭷⾲㠃㟁Ⲵࡢ ᐃࡼࡾࠊCCD-33Co⣽⬊࡜ẚ㍑ࡋ࡚ HCT116⣽
⬊ࡣ⣽⬊⭷⾲㠃㟁Ⲵࡀ࣐࢖ࢼࢫഃ࡛ࠊHCT116⣽⬊ࡢ⣽⬊⭷⾲㠃ࡀ࢔ࢽ࢜ࣥᛶ࡟
ᐩࢇ࡛࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋCCD-33Co ⣽⬊࡟ᑐࡍࡿቑṪᢚไヨ㦂ࡼࡾࠊ
CCD-33Co ⣽⬊࡟ᑐࡍࡿ CLࡢ IC50್ࡣ HCT116 ⣽⬊࡜ẚ㍑ࡋ࡚ 3 ಸ௨ୖ㧗ࡃࠊ
ṇᖖ⣽⬊࡟ᑐࡍࡿẘᛶࡀప࠸ࡇ࡜࠿ࡽࠊHCT116⣽⬊࡟ᑐࡍࡿ㑅ᢥⓗ࡞ቑṪᢚไ
ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚⣽⬊ෆ࢝ࢫ࣮࣌
ࢫ-3, 8, 9άᛶࢆඹ↔Ⅼ࣮ࣞࢨ࣮㢧ᚤ㙾ࢆ⏝࠸࡚ほᐹ࠿ࡽࠊCL࡛ฎ⌮ࡋࡓ⣽⬊࡛
ࡣࠊ⥳Ⰽ⺯ගࡀほᐹࡉࢀࠊHCT116 ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟࠾ࡅࡿ࢝
ࢫ࣮࣌ࢫ-3, 8, 9ࡢάᛶ໬ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋHCT116⣽⬊⭷⬡㉁ࣛࣇࢺ࡟ᑐࡍ
ࡿࢡࣛࢫࢱ࣮ᙧᡂࡢ᳨ウ࠿ࡽࠊCL ࡛ࡣ⣽⬊⭷ࡢ୙ᆒ୍໬ࡀ☜ㄆࡉࢀࠊCL ࡣ
HCT116 ⣽⬊⭷⬡㉁ࣛࣇࢺࡢࢡࣛࢫࢱ࣮ࢆᙧᡂࡍࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋCL ࡢ
HCT116 ⣽⬊⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ຠᯝࢆ᳨ウࡋࡓࠋHCT116 ⣽⬊⓶
ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂࡟࠾࠸࡚ࠊయ㔜 ᐃ࠿ࡽࠊCLᢞ୚⩌࡛␗
ᖖ࡞య㔜ኚ໬ࡣぢࡽࢀࡎࠊ࣐࢘ࢫ࡟ᑐࡍࡿẘᛶࡀ࡞࠸ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ⭘
⒆య✚ ᐃཬࡧ⫗║ⓗほᐹ࠿ࡽࠊCL ࡣ㢧ⴭ࡞἞⒪ຠᯝࢆ♧ࡋࡓࠋTUNEL ἲ࡟
ࡼࡿ⓶ୗ⭘⒆ษ∦ࡢ⏬ീゎᯒ࠿ࡽ CLᢞ୚⩌࡛ࡣ࢔࣏ࢺ࣮ࢩࢫ㝧ᛶ⣽⬊ࡀከࡃほ
ᐹࡉࢀࠊ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
➨ 4 ❶࡛ࡣࠊCLࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿไࡀࢇຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓࠋṇᖖ
⮅⮚⣽⬊࠾ࡼࡧ BxPC-3 ⣽⬊࡟࠾ࡅࡿ⣽⬊⭷ࡢ GM1 ཬࡧ PS 㔞 ᐃ࡟ࡼࡾࠊṇ
ᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚BxPC-3⣽⬊࡛ࡣCT-Bཬࡧ Annexin-Vࡢᙉ࠸⺯ගࡀ☜ㄆ
ࡉࢀࠊ⣽⬊⭷⾲㠃࡟ GM1ཬࡧ PSࡀከ࠸ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ࣮ࣞࢨ࣮ࢻࢵ
ࣉ࣮ࣛἲࢆ⏝࠸ࡓ⣽⬊⭷⾲㠃㟁Ⲵࡢ ᐃ࡟ࡼࡾṇᖖ⮅⮚⣽⬊࡜ẚ㍑ࡋ࡚BxPC-3
⣽⬊ࡣࠊ⣽⬊⭷⾲㠃㟁Ⲵࡀ࣐࢖ࢼࢫഃ࡛ࠊBxPC-3⣽⬊ࡢ⣽⬊⭷⾲㠃ࡀ࢔ࢽ࢜ࣥ
ᛶ࡟ᐩࢇ࡛࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋCL ࡢṇᖖ⮅⮚⣽⬊࡟ᑐࡍࡿ IC50 ࡣ
1000μM௨ୖ࡛࠶ࡾࠊ㠀ᖖ࡟పẘᛶ࡛࠶ࡗࡓ୍ࠋ ᪉ࠊCLࡢ BxPC-3⣽⬊࡟ᑐࡍࡿ
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IC50ࡣ⣙ 400μM ࡜㧗࠸ቑṪᢚไຠᯝࢆ♧ࡋࡓࠋTUNEL assay࠾ࡼࡧ PI assayࢆ
⏝࠸࡚ CLࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟࢆ᳨ウࡋࡓࠋCL࡛ฎ⌮ࡋ
ࡓ⣽⬊࡛ࡣ TUNEL㝧ᛶࢆ♧ࡍ⥳Ⰽ⺯ගࡀከࡃほᐹࡉࢀࡓࠋࡲࡓࠊPI assayࡼࡾࠊ
CL࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣ 80㸣ࡢ DNAࡀ᩿∦໬ࡋ࡚࠸ࡓࠋ௨ୖࡢࡇ࡜࠿ࡽ CLࡣ
BxPC-3⣽⬊࡟ᑐࡋ࡚࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋCLࡢ
BxPC-3⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟᶵᵓ࡟ࡘ࠸࡚࢝ࢫ࣮࣌ࢫཬࡧ࣑ࢺࢥࣥࢻ
ࣜ࢔ࡢ㛵୚ࢆ᳨ウࡋࡓࠋCL࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣ࢝ࢫ࣮࣌ࢫ-3, -8, -9ࡢάᛶࢆ♧
ࡍ⥳Ⰽ⺯ගࡀほᐹࡉࢀࡓࠋ࣑ࢺࢥࣥࢻࣜ࢔⭷㟁఩ࡢ ᐃ࡟ࡼࡾࠊCL࡛ฎ⌮ࡋࡓ
BxPC-3 ⣽⬊࡛ࡣࠊ࣑ࢺࢥࣥࢻࣜ࢔⭷㟁఩ࡢᾘኻࡀ᫂ࡽ࠿࡜࡞ࡾࠊCLࡢ BxPC-
3 ⣽⬊࡟ᑐࡍࡿ࢔࣏ࢺ࣮ࢩࢫㄏᑟ࡟࠾࠸࡚࢝ࢫ࣮࣌ࢫཬࡧ࣑ࢺࢥࣥࢻࣜ࢔ࡀ㛵
୚ࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
➨ 5❶࡛ࡣࠊCLࡢ BxPC-3⣽⬊࡟ᑐࡍࡿ㌿⛣ᢚไຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓࠋCL
࡛ฎ⌮ࡋࡓ BxPC-3 ⣽⬊࡛ࡣ Control࡜ẚ㍑ࡋ࡚௬㊊ࡢᙧᡂࡀぢࡽࢀࡎࠊCL ࡢ
BxPC-3 ⣽⬊࡟ᑐࡍࡿ௬㊊㜼ᐖຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡲࡓࠊScratch assay࡟ࡼ
ࡾ CLࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿ㐟㉮ᢚไຠᯝ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋCL࡛ฎ⌮
ࡋࡓ BxPC-3 ⣽⬊࡛ࡣࠊ⣽⬊๤㞳┤ᚋ࡜ 24 ᫬㛫ᚋ࡟࠾࠸࡚⣽⬊๤㞳㠃࡟኱ࡁ࡞
ᕪࡀぢࡽࢀࡎࠊ⣽⬊ࡢ㐟㉮ࡀ㢧ⴭ࡟ᢚไࡉࢀ࡚࠾ࡾࠊCLࡢ BxPC-3 ⣽⬊࡟ᑐࡍ
ࡿ㐟㉮ᢚไຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡉࡽ࡟ࠊCLࡢ BxPC-3 ⣽⬊࡟ᑐࡍࡿᾐ₶ᢚ
ไຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓࠋInvasion assay ࡟࠾࠸࡚ࠊCL ࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣ
Control ࡜ẚ㍑ࡋ࡚⃰ᗘ౫Ꮡⓗ࡟ᾐ₶ࢆᢚไࡍࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋࡲࡓࠊ
MMP14 㔞ࡣ CL࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣῶᑡࡍࡿࡇ࡜ࡀᚓࡽࢀࡓࠋࡉࡽ࡟ࠊELISA
࡟ࡼࡿ MMP2 ࠾ࡼࡧ MMP9 㔞࡟࠾࠸࡚ CL࡛ฎ⌮ࡋࡓ⣽⬊࡛ࡣ MMP2 ࠾ࡼࡧ
MMP9㔞ࡀῶᑡࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 
➨ 6 ❶࡛ࡣࠊBxPC-3 ⣽⬊⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ CLࡢ἞⒪ຠᯝࢆ᳨ウࡋ
ࡓࠋBxPC-3⣽⬊⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ᐇ㦂࡟࠾࠸࡚ࠊࡍ࡭࡚ࡢ⩌
࡟࠾࠸࡚࣐࢘ࢫࡢయ㔜࡟␗ᖖ࡞ኚ໬ࡣぢࡽࢀࡎࠊẘᛶࡣぢࡽࢀ࡞࠿ࡗࡓࠋࡲࡓࠊ
⭘⒆య✚ ᐃཬࡧ⫗║ⓗほᐹ࠿ࡽࠊCL ࡣ㢧ⴭ࡞἞⒪ຠᯝࢆ♧ࡋࡓࠋTUNEL ἲ
࡟ࡼࡿ⓶ୗ⭘⒆ษ∦ࡢ⏬ീゎᯒ࠿ࡽ CL ᢞ୚⩌࡛ࡣ࢔࣏ࢺ࣮ࢩࢫ㝧ᛶ⣽⬊ࡀከࡃ
ほᐹࡉࢀࠊ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡋ࡚࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡉࡽ࡟ࠊBxPC-3
⣽⬊⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ἞⒪ຠᯝ࡟࠾࠸࡚ CL ᢞ୚⩌࡛ࡣ␗ᖖ࡞య
㔜ኚ໬ࡣぢࡽࢀ࡞࠿ࡗࡓࠋ୍᪉ࠊControl⩌࡛ࡣࠊ21᪥┠௨㝆࡟⭘⒆ቑ኱࡟ࡼࡿ
㣗ḧపୗ࡜ᛮࢃࢀࡿ⤒᫬ⓗ࡞య㔜ࡢῶᑡࡀぢࡽࢀࡓࠋ⭠㛫⭷ࡢᖹᆒ㔜㔞ࡣ
Control⩌࡜ẚ㍑ࡋ࡚ࠊCLᢞ୚⩌࡛ࡣపࡃᢠ⭘⒆ຠᯝࡀᚓࡽࢀࡓࠋ⭠㛫⭷ୖࡢ⭘
⒆⤖⠇ᩘཬࡧ⫗║ⓗほᐹ࠿ࡽ Control⩌࡟ẚ࡭ࠊCLᢞ୚⩌࡛ࡣ⭘⒆⤖⠇ࡢῶᑡࡀ
☜ㄆࡉࢀࡓࠋ 
௨ୖ㏙࡭ࡓࡼ࠺࡟ࠊࣜࣥ⬡㉁࡛࠶ࡿDMPCࠊPEG⣔⏺㠃άᛶ๣࡛࠶ࡿ C12(EO)21ࠊ

ࡉࡽ࡟࢝ࢳ࢜ࣥᛶ⬡㉁࡛࠶ࡿ 2C14EClࢆຍ࠼ࡓ CLࡣ኱⭠ࡀࢇ(HCT116)⣽⬊࡟ᑐ
ࡋ࡚ in vitro ཬࡧ in vivo ࡛ࡢ἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡲࡓࠊ⮅⮚ࡀࢇ(BxPC-
3)⣽⬊࡟ᑐࡋ࡚ in vitro ࡟࠾࠸࡚࢔ࢽ࢜ࣥᛶ࡟Ⲵ㟁ࡋ࡚࠸ࡿ⣽⬊⭷࡟≉␗ⓗ࡟⼥
ྜ࣭⵳✚ࡋࠊ࢔࣏ࢺ࣮ࢩࢫࢆㄏᑟࡍࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋBxPC-3࡟⣽⬊࡟ᑐࡋࠊ
㐟㉮࠾ࡼࡧ௬㊊ࡢᙧᡂࢆ㜼ᐖࡋࠊ㌿⛣ࢆᢚไࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋinvasion assay
࠿ࡽᾐ₶ࢆᢚไࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋCLࡣ BxPC-3 ⣽⬊ࡢᾐ₶ࢆᢚไࡍ
ࡿ㐣⛬࡛ࠊMMP14ࠊMMP2࠾ࡼࡧMMP9ࡢάᛶࢆᢚไࡋ࡚࠸ࡓࠋin vivo࡟࠾࠸
࡚ BxPC-3 ⣽⬊ࡢ⓶ୗ⛣᳜ࣔࢹ࣐ࣝ࢘ࢫ࠾ࡼࡧ⭡⭷᧛✀ࣔࢹ࣐ࣝ࢘ࢫ࡟ᑐࡍࡿ
἞⒪ຠᯝࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ௨ୖࡢࡇ࡜࠿ࡽࠊ௒ᚋ⮫ᗋᛂ⏝ࡢྍ⬟ᛶࡀ♧ࡉࢀࡓࠋ
ࡉࡽ࡟ࠊከࡃࡢࡀࢇ࡟ᑐࡍࡿࠊ⮚ჾ࣭⤌⧊࡬ࡢ㑅ᢥᛶࡢྥୖ࡟ࡼࡿ๪స⏝ࡢ࡞࠸
἞⒪⸆࡟࡞ࡿࡇ࡜ࡀᮇᚅࡉࢀࡿࠋ 
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